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THE CO:�. LASER IN TUMOR SURGERY 

S T E L L I N G  E N  
1. Het panantmm moet behandeld worden met de principes van de 
abcestherapie: directe benadering, evacuatie van pus en excisie van 
necrotisch weefsel. 
2 .  De resultaten van Esperal implantatie bij alcoholici zijn mogelijk te 
wijten aan het placebo-effect. 
3 .  Fasciltis necroticans is het resultaat van een circulus viciosus: weefsel­
ischemie, infectie en verminderde weerstand van de patient (Brit. 
J.Surg.62 : 364, 1975). 
4. Bij de zogenaamde cryoliethverbrandingen is de chemische etsing te 
verwaarlozen, ze moeten als thermische laesies beschouwd worden. 
5 .  Voor een juiste informatie en voor het gemak van de niet met vogel­
eieren en fruitsoorten vertrouwde collegae is het noodzakelijk de af­
metingen van gezwellen aan te geven in centimeters (Ca 25  : 112, 
1975). 
6. Bij een polytraumatise met shock dient het belang van de radiolo­
gische diagnostiek te worden afgewogen tegen de risico's van het 
uitstellen der exploratieve laparotomie. 
7 .  Het te hooi en te gras gebruiken van nieuwe technieken zoals de C02 
laser kan deze modaliteiten in discrediet brengen. 
8. Bij tumoren in het hoofd hals gebied moet in het algemeen locale 
genezing worden nagestreefd afgezien van het feit of de patient al 
dan niet te curreren is. 
9. Het is waarschijnlijk dat lymfocytaire infiltratie random een primair 
malign melanoblastoom prognostisch een gunstig teken is. Ge­
standaardiseerde quantificering van deze lymfocytaire reactie en 
prospectief onderzoek zijn wenselijk. 

10. Regionale anaesthesie is voor allerlei ingrepen een goed alternatief 
voor narcose. Het verdient dan ook aanbeveling anaesthesisten hierin 
op te leiden. 
1.1. Het via de nieuwsmedia ter discussie brengen van indicaties voor 
passieve euthanasie geeft weinig informatie aan het publiek maar kan 
vee! onrust verwekken bij familieleden van deze patienten. 
12. Bezinning over bet voorschrijven van dieten en geneesmiddelen is 
noodzakelijk. 
13 . Het rontgenbeeld van een secundaire veretterende kaakcyste kan 
gemakkelijk als dat van een malign proces worden ge"interpreteerd. 
14. Het wordt tijd dat een enquete wordt gehouden naar de wensen van 
patienten aangaande kledij en haardracht van de 'jonge dokters'. 
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C H A PT E R  1 
P U R P O S E O F  T H E  IN V E S TI G A T I ON 
Every year a considerable part of new industrial technology finds an appli­
cation in the medical world. Transistorized cardiac pacemakers, silastic 
prostheses for joints, monitoring equipment and gamma-ray sterilisation are 
some examples of this applied technology. 
The fast development of laser physics during the last decade has made an 
increasing variety of laser devices commercially available. These new 
instruments have given rise to profound ideas within the medical profession : 
thoughts were entertained that lasers were the tools of the future. Some ten 
years ago people were even convinced that lasers were the tools of the future 
to combat cancer. 
Enthusiastic reports about the hemostasis achieved with laser surgery 
aroused our interest in  this new modality and its applicability to surgical 
oncology. We wanted to investigate whether or not the introduction of this 
new tool, the laser, could extend our surgical possibilities andjor decrease 
technical problems and morbidity for existing standard procedures. 
1.1. Laser beams 
1.1.1. Introduction 
Before giving a qualitative picture of laser beams, some basic facts should be 
considered schematically, simplifying the picture by omitting details of 
quantum mechanics. 
Light is an electromagnetic wave generated by atomic processes. The 
energy of an atom is determined by the distribution of its electrons in 
different orbits. According to their state of excitation atoms can have 
different energy levels, each having a corresponding amount of energy. 
Making the transition from a higher level E. to a lower level Eb, the atom 
will loose an amount of energy E. - Eb, and deliver this energy by emitting 
light. The theory of Planck and Einstein predicted that this light emission 
would occur at a specific frequency, and with an indivisible amount of 
energy, the photon. The frequency of this photon is determined by the 
application of Niels Bohr's formula : 
fab = (E. - Eb)/h 
with fab = frequency of the photon; 
h - Planck's constant � 6.63 x I0-34 Js 
The wavelength being Aab• with fab X Aab = c, where c = 3.00 X I 08m/s is the 
velocity of light. 
The photons behave as material bodies in their collisions and obey the 
classic laws of conservation of energy and momentum. 
Under what circumstances will light be produced by an atom, and how 
does light interact with the atom? Early in the 20th century, Einstein gave 
the answer. He deduced that three distinct interactions can occur :  
I. spontaneous emission of light 
2. absorption of light 
3. stimulated emission of light 
1 . 1 . 1 . 1 .  Spontaneous emission of light 
An atom on energy level E. spontaneously makes the transition to a lower 
level Eb (see Fig. I . I .). As mentioned above, the frequency of the resulting 
photon will be expressed by (E.-Eb)/h. This light originating from spontane-
{1) (2) 
Fig. 1 . 1 .  Spontaneous emission of light: the atom before (I) and after transition (2), the 
photon is emitted during the transition. 
ous emission, is emitted with equal probability in all directions. Its frequency 
is not exactly f.b, but is spread over a narrow range centered at f•b• as 
explained by quantum mechanics. 
The light of an electrical bulb arises by spontaneous emission : the free 
electrons in the filament are energized and collide with the bound electrons, 
energizing the atoms to higher levels. Their spontaneous transition to lower 
levels causes the emission of light. 
2 
I. I. 1 .2. Absorption of light 
Imagine an atom at a low energy level Eb being hit by a photon with a 
frequency f,b. The energy of the photon (E,-Eb), being absorbed by the 




Fig. 1 .2. Absorption of light: the atom before ( I )  and after (2) transition. 
The fact that objects we see are coloured is an example of this process. 
An object when hit by daylight absorbs one or more colours from the in­
cident white light. The reflected light will have the complementary colour, 
and determine the colour of the object. 
1 . 1 . 1 .3. Stimulated emission of light 
I magine a population of atoms at the high level E., with a rather slow 
natural transition to the level Eb. In stimulated emission, this transition is 
triggered off by a photon f.b hitting one of the excited atoms, resulting in two 
photons with the same frequency fab (see Fig. 1 .3 .). Each of these two 
A Eo rlt: 
Eb Eb 
(1) (2) 
Fig. 1 .3 .  Stimulated emission of light: the atom before (l) and after (2) stimulated 
emission. 
photons can stimulate the transttton of another atom, resulting in four 
photons. This chain reaction justifies the name "Light Amplification by 
Stimulated Emission of Radiation" given to this process. LASER is the 
3 
acronym of this denomination. The light generated by this process has the 
same frequency and direction as the stimulating light. 
1 . 1 .2. The RUBY laser 
In order to make the generation of laser beams easy to understand, it is 
perhaps best to explain the working mechanism of one of the many laser 
devices : viz the RUBY laser. In this apparatus the laser medium is a syn­
thetic ruby rod. Flashes from a Xenon lamp, which surrounds this ruby 
rod, activate the atoms of the ruby to a higher level (see Fig. 1 .4.). This 
process is called optical pumping. Once the majority of the atoms are 






Fig. 1 .4. Schematic drawing of the Ruby laser: the ruby rod, the surrounding tube of the 
Xenonlamp and both mirrors. 
This laser medium is built in an "optical cavity" closed at each end with a 
mirror. Both mirrors have a common optical axis, coinciding with the axis 
of the cavity. Once population inversion is reached, spontaneous transition 
of some atoms to a lower level will emit photons in various directions. A 
small fraction of these photons will be emitted in the direction of the axis of 
the cavity, and pass many times through the laser medium, being reflected 
back and forth between the mirrors. On their way through the ruby rod, 
these photons will hit other excited atoms, and stimulate them to emit iden­
tical photons in the same direction. This results in a large amount of photons 
emitted in the direction of the axis of the cavity. This is the laser beam. 
Since one of the mirrors is semi-transparent, a part of the laser beam can 
leave the cavity (EDGERTON and McKNELLY, 1 969). Ruby lasers emit pulses 
of laser light. Between the pulses the Xenon tubes have to provide a new 
population inversion. 
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1 . 1.3. Properties of laser beams 
1 . 1 .3.1. Monochromaticity 
All the waves in a laser beam have almost the same wavelength, at least the 
spread of the length of their waves is very small when compared to the 
average wavelength. White light on the contrary is a mixture of wavelengths 
between 0.4 and 0.8 (.Lm. 
1 .1.3.2. Coherence 
- Coherence in time. 
Due to the stimulated emission in the cavity, the photons leaving the 
cavity are all in phase. When there is a trough of the wave at a time t at a 
fixed observation point P, there will be another trough at the same point P 
at a time t+ ' (• being the period of the wave). 
- Coherence in space. 
Due to the mechanism in the cavity, the laser beam is also spatially 
coherent, i .e. at any time the phases are equal across a wavefront (Fig. 




Fig. 1 .5. The spatial coherence: at any time the phases are equal across a wavefront. 
1. 1 .3.3. Energy density and power density 
The cross section of the parallel beam leaving the cavity has a certain surface. 
The energy density is the total amount of energy passing per unit surface of 
the cross section, and is expressed in joulefcm2• The energy density is a 
convenient denomination as far as pulsed lasers are concerned, since the 
very short duration of their pulses (about I millisecond) does not compel us 
to take the time factor into consideration. Contrarily when speaking about 
continuous wave lasers (devices delivering an uninterrupted beam) it IS 
5 
better to use the power density (often called intensity), which is expressed in 
joulefcm2 X second or wattfcm2. 
Due to their high degree of coherence, laser beams can be focused onto a 
very small spot with an energy density considerably higher than in the 
parallel beam. 
The importance of the coherence can be illustrated by comparing an 
electrical JOOW bulb with a C02 laser producing JOOW. Trying to focus the 
white light from the bulb with lenses, will only yield a fraction of the emitted 
light energy at the focus, since the bulb is emitting light in all directions. 
Conversely the whole coherent beam from the C02 laser can be focused onto 
a spot thus generating enough energy to burn a hole in an asbestos brick. 
1 . 1 .3.4. Focusing a laser beam 
In practice however, laser beams are not perfectly parallel, but have a finite 
beam spread. This small deviation from the ideal parallel pathway is called 
the divergence. In an ideal laser system (TEM00 single mode) this diver­
gence is only caused by diffraction. Diffraction is only negligible for mirrors 
and lenses of infinite size. For optical media (lenses and mirrors) of finite 
size, diffraction will occur due to the edges, and make the beam spread after 
passing through the exit mirror of the cavity. The beam from the laser 
schematically depicted in Fig. 1 .6. can be considered to be emanating from 
d=f6 
Fig. 1.6. The spot of the laser beam; its relationship with the divergence (6) and the focal 
length of the lens. 
a point source S. The laser equivalent point source radiates energy only 
within a cone. The solid angle of this cone, 6, is the divergence of the beam. 
For the American Optical C02 laser this divergence is about 2.5 x JQ-3 
radians. 
In an ideal laser system without diffraction, the intensity profile across the 
parallel beam should be rectangular, the intensity being the same at every 
point of the profile (Fig. 1.7.). The diffraction, however, causing the beam to 
6 
spread, induces an intensity profile with a bell shape or Gaussian distribution 
(Fig. 1.8.). The intensity, maximal in the centre of the beam, will decrease in  
the periphery. 




distance from the 
axis of the cavity 
intensity 
1 
axis of cavity 
distance from the 
axis of the cavity 
Fig. 1 .7. Intensity profile across the beam of Fig. 1 .8. Gaussian distribution of the 
an ideal laser undergoing no diffraction. intensity across the beam of an ideal laser as 
a consequence of d iffraction. 
Due to diffraction, coll imation of a laser beam gives a spot, which by 
definition is the circle containing 86 % of the energy of the laser. The dia­
meter of this spot is a function of the divergence (8) of the beam and the 
focal length of the lens, and is given by the equation: 
d- fe 
with d = spot diameter (em); 
f = focal length of the lens (em) ; 
e - beam spread (radians). 
The spot radius being d/2, the surface of the spot will be expressed by 
7tdz/4 or 7tf202f4. 
The average power density in the focus of a laser, having a constant power 
delivery, is determined by the spot size. The smaller the spot, the h igher the 
average power density will be : average power density - total power/ spot 
surface. The average power density in the spot thus will be inversely pro­
portional to the square of the focal length of the lens, and will increase 4 
times when a lens with a focal length two times shorter is used. 
1.2. Short historic review of medical applications of laser beams 
In the very first laser the medium was a synthetic ruby rod ; it was built i n  
1960 by Maiman. This laser emitted short bursts with a tremendous energy, 
and therefore deserved the name "pulsed". Early investigations on tumor 
destruction with RUBY lasers were carried out by MCGUFF ( 1964, 1 965) and 
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GOLDMAN ( 1 964, 1965). The light from the RUBY laser (wavelength 0.694 (.Lm) 
showed a preferential absorption by pigmented tissues. This led to its 
clinical use in the destruction of melanomas (GOLDMAN et al., 1 967) and the 
removal of tattoos (KITZMILLER, 1970). 
KETCHAM ( 1 967) and MINTON ( 1 965) did not agree with the use of pulsed 
lasers for tumor destruction. They postulated that the impact of heavy 
energy pulses on malignant tumors may result in spread of malignant cells. 
In melanoma bearing mice, they demonstrated that the impact of the laser 
pulse caused an explosion of the tumor, visible by the formation of a smoke 
plume. Dust from this plume proved to contain viable and transplantable 
tumor cells. 
The RUBY laser proved to be a new instrument for photocoagulation in 
ophthalmology. Since RUBY lasers emit red light within the visible part of the 
spectrum, their beam passes through the ocular media (cornea, lens and 
vitreous body), to be absorbed by the pigment epithelium and choroid where 
it is converted into heat. The exposure time required for a thermal effect is 
so short (between 1 5  nanoseconds and 2 milliseconds) that photocoagulation 
for retinal detachment could be performed without any form of anaesthesia, 
since there is no need to immobilize the eye. 
ARGON lasers becoming available, proved to be superior to RUBY lasers in 
photocoagulation. Their green-blue light being more readily absorbed by 
vascularized tissues, they proved to have a smaller depth of penetration. 
This property made ARGON lasers suitable for the treatment of diabetic 
retinopathy {ZWENG, 197 1 )  and blanching of portwine lesions of the skin 
(GOLDMAN and ROCKWELL, 197 1 ). 
As soon as the first C02 lasers were built, investigations into the possible 
medical applications were carried out. MULLINS ( 1968) reported on the 
hemostasis obtained in animals, performing hepatic resections and dealing 
with liver traumata. This investigator used a rather primitive apparatus, 
the animals having to be moved underneath the beam. Later on C02 lasers 
with a beam manipulator became available (BEACH, 1969 ; HALL et al., 1 97 1  c; 
POLANYI et al., 1 970). These manipulators provided the means of guiding the 
laser beam onto a specific area with an acceptable degree of flexibility. At 
this moment the C02 laser finally became a potential surgical tool. GONZA­
LEZ ( 1 970), FIDLER ( 1 972) and HALL ( 1 973) used a C02 laser to perform liver 
resections in dogs. The hemostasis was satisfactory. GOODALE (I 970) 
succeeded in stopping the hemorrhage in stomach ulcers by coagulation with 
a C02 laser via an endoscope. 
Partial nephrectomies were performed with a C02 laser, the blood loss 
being minimal (HUGHES and SCOTT, 1 972). 
8 
Debridement of third degree burns and decubitus ulcers with C02 lasers 
proved to be successful ; the split skin grafts used to cover the defects, healing 
without delay (STELLAR et aJ., 1 973 and J974a ; LEVINE et aJ. ,  1 974). 
After the advent of a micromanipulator, which allowed the focused C02 
laser beam to be brought into less accessible cavities, STRONG ( 1 973) and 
JAKO ( 1 972) started with endoscopic surgery in the upper aerodigestive tract. 
Subsequently endoscopic laser destruction of papillomata and leucoplakiae 
of the vocal cords soon became routine procedures in their department. 
Recently KAPLAN ( 1 973 a, b, c) commenced using an Israeli made C02 
laser for several routine procedures; performing mastectomies, blood loss 
was minimal and the wounds healed most satisfactorily. 
1.3. Purpose and motivation of the investigation 
The use of the laser was considered for the following operations : 
1.3. 1. Surgery in highly vascular tissues 
1 .3. 1 . 1 .  Liver surgery 
The mortality and morbidity are considerable after hepatic resections for 
primary tumors or metastatic nodules : hemorrhage and bile leakage being 
the greatest hazards in both procedures. The use of the laser as a "light 
knife", would possibly permit us to seal off vessels and bile ducts, making 
the above mentioned complications less likely to occur. 
1 . 3. 1 .2. Spleen surgery 
For the staging of Hodgkin's disease, the hematologist wants to be informed 
about the histology of the spleen. The vascularity of the spleen precludes 
more than a needle biopsy, at least with conventional techniques. The 
morbidity of diagnostic splenectomy, the only possibility left, can not be 
denied (BROOKS, 1 975). We considered that laser surgery might enable us to 
make a wedge excision out of the spleen, and thus to obtain reliable histologic 
material without having to perform a splenectomy. 
1.3 .2. Bone biopsies 
The treatment of patients with bone tumors is based on the histology, and 
the need for histological investigation compels the surgeon to take a biopsy. 
Getting a specimen of suspect bone can be difficult, the tumor sometimes 
being so hard that traumatizing instruments such as saw or osteotome are 
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needed to remove a specimen. These rough manipulations of a bone tumor 
can easily force tumor cells into bloodvessels and lymphatics, thus causing 
hematogenic metastasis to the lungs. We considered that the laser might 
prove to be a new bone cutting tool, enabling us to obtain bone biopsies 
without major manipulations. 
1 .3.3. Palliative surgery in high risk patients 
Blood loss during palliative surgery in bad risk patients, often bearing 
ulcerating tumors, increases the hazard of these procedures. The use of a 
laser for these operations was considered to permit to work faster, reduce 
blood loss, and consequently lessen the morbidity. 
1.3.4. Coagulation of rectal tumors 
Electrocoagulation of benign or superficially growing malignant tumors of 
the rectum is a widely accepted technique (KLOK, 1 964; SWERDLOW and 
SALVATI, 1 972). The use of diathermy involves the application of electrodes, 
which are liable to get covered with carbonized tissue and require constant 
cleaning. As electrical diathermy burns are produced by the passage of cur­
rent through tissue, a fairly extensive area of cellular damage surrounds the 
point of application of the probe. After electrocoagulation of a rectal 
tumor, a slough of carbonized and boiled tissue remains in the wall of the 
bowel : premature release of this slough can result in hemorrhage. After 
destruction of a rectal tumor with a laser device, only a minimal amount of 
necrosis might be left, making late perforation or hemorrhage less likely to 
occur, and warranting fast healing and hence less scar tissue. 
While taking the results of other investigators into consideration, we wanted 
to know if the above mentioned problems could be solved by the use of a 
laser device. Therefore the purpose of this study was to explore avenues 
where the use of a laser could extend possibilities or improve results in 
tumor surgery. 
In the second chapter the requirements a surgical laser has to meet 
are listed. Furthermore this chapter contains the considerations leading to 
the conclusion that, among the available laser devices, the C02 laser is the 
most convenient for surgical purposes. 
Chapter three contains the description of the two C02 lasers used in this 
study; the American Optical C02 laser and the Israeli Sharplan 79 1 .  
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Chapter four deals with the study of the thermal damage in tissues after 
using the C02 laser as a tissue vaporizing instrument. 
Investigations about the use of the C02 laser as a light knife in paren­
chymatous organs are reported in chapter five. 
Chapter six contains the reports about the possibilities of the C02 laser as 
a bone cutting instrument. 
Special gadgets from the American Optical Corporation have been devel­
oped for endoscopic laser surgery. Experimental work with these instru­
ments is described in chapter seven . This chapter furthermore contains a 
preliminary report about laser surgery on rectal polyps in man. 
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CHAPT E R  2 
R EQ U I R E M E N T S A N D  C H O I C E  O F  
A S U R G I C A L  L A S E R  
2.1. Requirements a surgical laser has to meet 
2.1.1. Absorption in living tissues 
A surgical laser needs the ability to vaporize tissue, whether it is used as a 
cutting tool or as an instrument for tumor destruction. Efficient tissue 
evaporation is only possible when the beam is strongly absorbed in living 
tissues. In situations where the absorption is weak, the beam penetrates 
deep into tissues ; vaporisation of tissue will  take quite some time and will 
only be achieved at the expense of thermal damage in deeper layers. 
Living tissues contain 80 or 90 % water. A beam being strongly absorbed 
in water behaves more or less the same way in living tissues. The coefficient 
of absorption in water at a particular wavelength thus can be a reliable 
parameter for the applicability of the corresponding beam in operative 
surgery. 
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Fig. 2 . 1 . The extinction length in water as a function of the wavelength (according to 
BAYLY 1 963). 
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BAYLY ( 1 963) investigated the absorption spectrum of liquid water for 
wavelengths between 0.7 and 1 0  f.Lm. The parameter for absorption used in  
this study was the extinction length L ,  i.e. the thickness of  the layer of  water 
absorbing 90 % of the incident radiant energy. Since within this range of 
wavelengths the extinction length varies over 5 decades, it was convenient to 
plot L and the wavelength on a double logarithmic scale (Fig. 2. 1 .). It is  
obvious that the extinction in  water for wavelengths shorter than I f.Lm is 
very weak, the extinction being mainly due to scattering. 
An extinction length of O.\ mm in water and consequently in tissues can be 
considered suitable for a beam in order to be useful in surgery. Fig. 2. 1 .  
shows that only beams with a wavelength longer than 2.5 f.Lm meet this 
requirement. At these wavelengths scattering can be neglected. Considering 
the absorption in water we thus shall give preference to a laser emitting at a 
wavelength longer than 2.5 f.Lm, because 90% of i ts beam intensity will be 
absorbed in less than 0.1 mm - 1 00  f.Lm of tissue. 
2.1.2. The absorption of the beam should not be influenced by the colour of the 
tissue 
Laser beams with a wavelength within or near the visible part of the spec­
trum (from 0.4 to 0.8 f.Lm) are weakly absorbed in water, they show a 
preferential absorption by darkly pigmented or higly vascular tissues 
(HARDY, 1 956). Relatively weak absorption in uncoloured tissues makes 
these laser beams less suitable for surgery. The RUBY laser, as applied for the 
removal of black tattoos, is an example of this tissue colour dependent 
absorption. The beam of this laser (wavelength 0.694 f.Lm) is preferentially 
absorbed by darkly pigmented skin ; the surrounding white skin reflects or 
transmits the beam, and hence is left intact (GOLDMAN and ROCKWELL, 1 97 1 ) . 
The pecularities of the absorption curve of coloured tissues extend beyond 
the visible part of the spectrum, but for wavelengths longer than I f.Lm the 
absorption tends to become independent of the tissue colour. From Fig.2. 1 .  
it can be seen that the extinction rapidly increases at increasing wavelength. 
The extinction for wavelengths longer than I f.Lm is almost entirely due to 
absorption and follows Beer's exponential law (HARDY, I 956). 
I = 10 e-a:z 
with 10 = intensity of incident parallel beam ; 
l = intensity of the beam z em beneath the tissue surface ; 
IX = absorption coefficient (cm-1) ; 
z = tissue depth (em). 
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This means that passing through the tissue, the beam intensity decreases 
exponentially and is determined by e-az. When the extinction is virtually 
due to absorption only, the relation between rx and L is rxL = 2.3 
2. 1 .3. Manoeuvrability of the apparatus 
Since the laser is to be used as a light knife, its manoeuvrability must be 
comparable to the handiness of a scalpel. 
2. 1 .4. The power output of the laser must be sufficient to vaporize tissues 
efficiently 
Let us consider the following hypothetical example: if the laser is required to 
vaporize 1 0  mm3 of tissue in I second, we can calculate the required power 
output. The laser vaporizes tissue by boiling the tissue fluids. Assuming 
that 80 % of the tissue volume is represented by water, and that the energy 
for tissue evaporation is used to boil the corresponding amount of water, the 
power output needed to meet this requirement may therefore be calculated: 
1 0  mm3 of tissue contain 8 mm3 water or 8 X 1 0  3 gr. The specific heat of 
water being I cai;oc x gr, 63 X 8 x JQ-3 = 0.5 cal are needed to warm 
this amount of water from body temperature (37°C) up to the boiling point. 
Since 540 cal/gr are needed to vaporize boiling water, 540 x 8 x I 0-3cal 
or 4.3 cal are therefore needed to achieve the same with these 8 mm3 of 
tissue fluid. Thus to vaporize 10 mm3 of tissue 4.8 cal or 20 joules are 
required (I cal = 4. 1 9  joules). To achieve this in I second the laser needs a 
power delivery of 20 W. This calculation gives a rough idea about the 
power requirements a surgical laser has to meet. 
2.1.5. The clinical use of this machine must be technically feasible 
Cumbersome machinery has constantly been a nuisance in the operating 
theatre. The laser must be mobile enough to allow easy storage when not in 
use. Its handling must be convenient and within the reach of the technical 
skill of a medical doctor. The reliability and accuracy must warrant a safe 
clinical use. 
2.2. Selection of a convenient surgical laser 
Many available laser devices cannot be used in surgery for reasons of 
wavelength or poor power output. Only five types of lasers more or less 
meet the demands of surgical use. They are listed in table 2. 1 .  
1 4  
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Pulsed lasers are not suitable as surgical tools, since their pulses last a 
fraction of a second ( 1  millisecond to I nanosecond) and are separated by 
long intervals. Only lasers delivering a continuous or semi-continuous light 
beam can be used in surgery. 
After the elimination of the pulsed lasers, three devices are left for selec­
tion: the Neodymium-VAG-, the ARGON- and the C02 laser. ARGON 
lasers emit at about 0.5 f.LID, a region in which the absorption is tissue colour 
dependent. As stated above, this preferential absorption by red coloured 
tissues precludes the general use in surgery, leaving the choice between the 
Neodymium-VAG- and the C02 laser. 
The Neodymium-VAG laser, emitting in the near infra-red (wavelength 
1 .06 [.LID), has been used in surgery (MUSSIGANG and KATSAROS, 1 97 1 ). Jn 
order to increase the manoeuvrability of this laser, NATH ( 1 972, 1 973) 
developed a laser beam transmitting fibre. 
Flexible glass fibres are the ideal solution for the problem of laser beam 
transport. These fibres bring the parallel beam from the exit mirror of the 
cavity onto the operation field, and give the laser the manoeuvrability of a 
scalpel. Unfortunately Nath's fibre is only suited for the transmission of 
beams from the ultra-violet to the near infra-red ; the transmission is in­
sufficient for the far infra-red in which the C02 laser is emitting. Materials 
having a high transmission for the C02 laser beam and allowing the manu­
facture of fibres are not available. Specialists in this field doubt if it ever 
will be possible to develop a fibre for the transmission of the far infra-red. 
Surgical C02 lasers therefore have an articulating system of tubes, in which 
the beam is reflected from one mirror to another to be guided from the exit 
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mirror of the cavity onto the operation field. This so called "manipulator" 
evidently never can offer the mobility of a glass fibre. 
The Neodymium-Y AG laser, however, has two considerable drawbacks. 
Although this laser emits at a wavelength of 1 .06 fLm, the absorption of its 
beam proves to be influenced by the colour of the target area (GOLDMAN et a!. ,  
1973), which as stated above, is a serious disadvantage. Furthermore, accor­
ding to data given by GOLDMAN and ROCKWELL ( 1 97 1 ), the absorption 
coefficient in tissues (o: about 20/cm) is ten times smaller than for the C02 
laser beam (A= I 0.6 fLm ; o: about 200/cm). Assuming that the absorption of 
both beams follows Beer's law, we can stress the paramount importance of 
this absorption coefficient for the selection of a convenient surgical laser. 
Let us calculate the tissue thickness required for the absorption of 95% of the 
light energy for both lasers. For 95 % absorption the relation between I and 
10 is expressed by I = 10 X 5 x J0-2 = J0e-3• So o: z- 3 and z = 3/o:. The 
value of z for 95% absorption can be calculated for both lasers: 
the C02 laser the Neodymium-YAG laser 
o: = 200/cm o: = 20/cm 
z = 3 cm/200 = 1 50 fLm z = 3 cmf20 = 1 500 fLm 
The beam of the Neodymium-Y AG laser thus will penetrate I 0 times deeper 
into tissues. Fig. 2.2. shows the intensity distribution of both beams at 
different depths in the tissue, and demonstrates their different penetration. 







tissue depth z (J.JrT 
Fig. 2.2. Comparison of the penetrati on of the C02 and the Neodymium-Y AG laser 
beam in living tissues. The intensity has been plotted on a logarithmic scale. 
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laser with its fibre manipulator, we decided to choose the C02 laser as a 
surgical tool. The strong absorption of the C02 laser beam was important 
enough in view of less thermal damage and higher efficiency, to outweigh 
the relative lack of manoeuvrability of its manipulator. 
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CHAPT E R  3 
T H E  C A R B O N  D I O X I D E  L A S E R  
3.1. The CW carbon dioxide laser of the American Optical Corporation 
3.1 .1. Functional description 
For our animal work a continuous wave (CW) C02 laser of the American 
Optical Corporation was used (Fig. 3. 1 . ;  POLANYI et al., 1 970). It  is useful to 
give some information about the operation of this laser without over­
elaboration of details. 
The laser medium is a mixture of carbon dioxide (9 �u), nitrogen ( 1 5  %) 
and helium (76 %). A continuous flow of this mixture is maintained in a 
glass tube, in which electrical discharges bring the C02 molecules up to a 
higher energy level ; population inversion is thus achieved by electrical 
pumping. The presence of n itrogen and helium in the mixture stabilizes the 
emission at 10.6 fLm and increases the efficiency of the laser (PATEL, 1968). 
This C02 laser is claimed to be continuous. However, this is not com­
pletely true. In  this laser device the 50 Hz alternating current is converted 
into a 1 00  Hz halfwave form tension by a high voltage transformer (Fig. 
3 .2.). This variation of the voltage at the level of the electrodes yields 1 00 
discharges per second in the laser tube, the laser beam being only generated 
during the short period that the voltage between the electrodes is above 
the so called "lasing threshold". Consequently the laser produces 1 00 pulses 
of light per second. The period between the individual pulses, however, is 
very short and it looks therefore as if the laser delivers the light without 
interruption. 
The laser is schematically depicted in Fig. 3.3. Two laser tubes are 
mounted in series in order to obtain a maximum output of I DOW; a water 
jacket surrounding the tubes provides the cooling. The vacuum pump, 
started with the circuit breaker, empties the tubes. Turning the key lock 
starts the flow of the gas mixture, the pressure of the gas in the tubes being 
adjustable between 1 0  and 30 mm of mercury. At this moment generation of 
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Fig. 3 . 1 .  The continuous wave carbon dioxide laser from the American Optical Corpora­
tion. 
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Fig. 3.2. Scheme of the origin of the laser pulses in the American Optical C02 laser. 
power control knob allows for the control of the output, by regulation of the 
voltage applied to the electrodes. 
The top mirror of the left laser tube transmits a fraction of the produced 
laser energy to a calorimeter, giving a reading of the delivered power output. 
The laser beam leaves the cavity via the top mirror of the right tube. 
Whilst the surgeon is not using the laser beam, the shutter deflects the beam 
into a heat sink where the energy is absorbed by water and evacuated in the 
cooling system. 
The laser can be operated in two different ways: 
I. With the function switch in the position "MANUAL", the shutter is turned 
when the operator uses the foot switch. The laser beam now leaves the 
console and hits the first mirror of the beam manipulator, the shutter 
staying open as long as the surgeon keeps his foot on the switch. 
2. With the function switch in the position "TIME", the shutter is opened for 
a predetermined period once the foot switch is used. The timing mecha­
nism allows for programmed exposures between 0.3 and 7 seconds. 
The beam manipulator has six rotatory joints and seven mirrors. The 
parallel beam is deflected from one mirror onto another towards the hand­
piece containing the focusing lens. Perfect alignment of the mirrors keeps 
the beam in the centre of the manipulator tubings, the rotatory joints giving 
the manipulator freedom of movement in three dimensions (POLANYI et al., 
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SCHEMATIC DIAGRAM OF SURGICAL LASER 
LASER CONSOLE BEAM MANIPULATOR 
Fig. 3.3.  Schematic diagram of the American Optical C.W. C02 laser (Courtesy of the 
American Optical Corporation). 
1 970). Three interchangeable handpieces are available : one of 50 mm and 
two of 1 65 mm focal length (Fig. 3.4.) ; from the latter, one handpiece has 
external light guides indicating the focus of the laser beam by means of 
white light (Fig. 3.5.). For the other two handpieces the laser beam focus is 
located at the visually projected apex of the truncated conical tip. The lens 
in the handpieces is cooled by a continuous flow of air provided by a com­
pressor pump in the console. 
The 50 mm lens yields a spot of about 0.4 mm. Measured on an asbestos 
bloc, with the laser delivering 35W, and an exposure time of 0.27 s, the 
focal spot proved to have an effective diameter of about I mm. 
No special facilities are needed for the installation of this C02 laser in an 
operating theatre : for the cooling system a tap producing 3.5 l itres of water 
a minute is enough. The temperature of this tap water may however not 
exceed 2 l°C. The machine works on 220 V.AC, and requires about 1 5  
amperes. 
2 1  
Fig. 3.4. The three handpieces of the American Optical C.W. C02 laser : on the left the 
50 mm handpiece, on the right the two handpieces with a 1 65 mm focal lens. 
3. 1 .2. Safety measures 
3. 1 .2. 1 .  Protection against reflected laser light 
The beam should not be allowed to impinge upon shiny metal instruments. 
Unwanted reflections causing thermal damage to surrounding tissues may 
result. Shiny instruments in the path of the laser beam should be covered 
with gauze sponges soaked in water, the water absorbing stray beams thus 
avoiding possible unsuspected reflections. 
Because all kinds of living tissues are opaque for this wavelength, corneal 
lesions can occur. Therefore, it is safe for every one in the operating theatre 
to wear spectacles. Since this laser light of 1 0.6  [Lm is stopped by glass 
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Fig. 3 .5 .  The 1 65 mm handpiece of the American Optical C02 laser with the external light 
guides is fixed at the end of the beam manipulator. 
ordinary eyeglasses or plain glass will protect the eyes against accidental 
exposure to the beam (GULLBERG et al. ,  1 972). 
3 . 1 .2.2. Fire hazards and protection of surrounding tissues 
Inflammable anaesthetic gases are prohibited while using the laser. 
Flamable materials, such as plastic drapes, should be avoided, and 
ordinary cloth materials must not be in the path of the laser beam unless 
they are wet. Should the laser beam hit wet cloth, the water at the point of 
incidence must evaporate before ignition can take place. 
23 
The most important safety precaution is that only surgeons skilled in han­
dling this instrument should use it. 
3. 1 .2.3. Safeguarding of the machine 
Excessive atmospheric humidity in the theatre might originate arcs at the 
level of high voltage contacts, and must be avoided. 
Moist places are unsuitable for storing of the machine. Vapor depositions 
on the surface of the lenses may damage the anti reflecting coating, once the 
laser is used again.  Loss of this coating causes internal reflections inside the 
lenses, resulting in energy loss and damage to the lens. 
The same may happen in the handpiece when the flow of cooling air is not 
strong enough. Steam and dust from tissue evaporation are then projected 
on the surface of the lens. This dust coating the lens will carbonize while 
using the laser, render the lens opaque, cause beam absorption and damage 
the lens. 
3.1.3. Asepsis while performing surgery 
The exchangeable handpieces containing the focusing lens can be sterilized 
by using a dry sterilization procedure. However, the risk of damage to 
lenses cannot be denied. After slipping a sterile slip-cover over the mani­
pulator arm, the sterile handpiece can be inserted. 
The compressor pump, providing the cooling air for the focusing lens of 
the handpiece, has a bacterial filter. This avoids gross contamination of the 
operation field by this cooling air. 
3.2. The Sharplan 791 C02 laser 
As soon as ideas about clinical work with the C02 laser developed, the need 
for a second machine became obvious, because our animal laboratory and 
the clinical department were too far from each other to permit moving a 
laser device between both buildings at regular intervals. In the meantime a 
C02 laser built by Laser I ndustries limited (Tel-Aviv, Israel) became 
available (KAPLAN et al. 1 974). This machine was purchased for clinical use 
because its design appeared more suitable for this purpose. 
3.2. 1 .  Functional description 
The main cabinet of this laser contains the electrical power supply, the 
vacuum pump and the main control panel (Fig. 3 .6.). The laser gas mixture 
(4.5 % C02, 1 3.5 N and 82 % He) and nitrogen cylinders are mounted on the 
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Fig. 3.6. The Sharplan 791 C02 laser 
a. main cabinet;  b. laser housing; c. umbilical ; d. remote control panel. 
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Fig. 3. 7. Two hand pieces of the Sharplan 791 : on the left the one with 1 25 mm focal length, 
on the right the 50 mm focal length handpiece. 
rear side of the cabinet. The nitrogen cylinder provides a constant flow of 
dry nitrogen for the cooling of the focusing lens in the handpiece, which is 
advantageous for reasons of sterility. A telescopic column protruding from 
the main cabinet carries the housing of the laser tube. The height of this 
column can be adjusted at the desired level by using a handle in the front 
panel of the cabinet. Rotation of the column allows the surgeon to give the 
laser housing the most convenient position regarding the operating table. 
The manipulator arm mounted at the end of the laser housing has a con­
struction similar to the American Optical beam manipulator. Narrower 
tubings and better balance give the Israeli manipulator a superior manoeu­
vrability. An umbilical takes the supply of cooling water, gas and power 
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Fig. 3.8 . The component parts of the 1 25 mm focal length handpiece of the Sharplan 791 : 
from top to bottom, lens holder, lens housing, guide receptacle and three interchangeable 
focusing guides. 
from the main cabinet to the laser housing. The remote control panel 
provides an alternative control panel to that on the main cabinet. This 
mobile unit, positioned next to the operating table and covered with a 
transparent plastic sheath, gives the surgeon the opportunity to perform 
needed adjustments during the operation. 
The maximum output of the Sharplan 79 1 when measured with a calori­
meter is about 35W. The spot size, however, is smaller than for correspon­
ding handpieces of the American Optical laser. Consequently the energy 
density is not considerably different. For the handpiece with 50 mm focal 
length a spot diameter of 0. 1 2  mm is given by the manufacturer. Measured 
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on an asbestos block with the laser delivering 35 W, and an exposure time of 
0. 1 s, this spot proved to have en effective diameter of about I mm. For the 
1 25 mm handpiece a spot size of about 0.4 mm is given. 
I n  the American Optical C02 laser the beam is generated by a 1 00 Hz half 
wave voltage resulting in I OO pulses per second. Contrarily in the Sharplan 
79 1 the high voltage is maintained in the laser tube. This results in a con­
tinuous electrical discharge in the laser medium and a continuous delivery of 
infra-red energy. 
The Sharplan 79 1 can be operated with the function switch in the position 
"Manual" and in the position "Time". The electronically operated timer 
has three settings : O. l s, 0.05s and O.O i s. These exposure times were checked 
with a recorder. The exposure of 0. 1 s corresponded with 0.09s and 0.05 
corresponded with 0.04s. During the short exposure time of O.O i s  the 
Sharplan proved not to reach the maximum power delivery. 
Two handpieces with lenses of 50 mm and 1 25 mm focal length belong to 
the standard equipment of this laser (Fig. 3. 7.). Three interchangeable 
focusing guides are available. These guides show the surgeon where the 
focus of the laser beam will impinge on the tissues (Fig. 3 .8 .). 
3.2.2. Safety measures 
The precautions to safeguard the Sharplan and to avoid accidental exposures 
to the laser beam are the same as for the American Optical C02 laser. 
3.2.3. Asepsis while pe1jorming surgery 
Guide receptacle and focusing guides can be autoclaved. For clinical use a 
sterile jacket can be slipped over the manipulator, leaving the guide recep­
tacle and the focusing guide, who have been sterilized, uncovered. The lens 
housing thus is covered by the sterile jacket and need not be sterilized. 
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C H A PT E R  4 
T H E R M A L  D A M A G E  I N  A D J O I N I N G  T I S S U E S  
A FT E R U S I N G  T H E  F O C U S E D  C 02 L A S E R  B E A M  
4.1. Introduction 
It has already been stressed that the infra-red beam emitted by the C02 laser 
is strongly absorbed by living tissues. The origin of the effect of the C02 
laser on tissues is thermal : the energy concentrated at the focal point, once 
absorbed by the tissue, increases the temperature in the tissue to such an 
extent that intra- and extracellular fluids immediately begin to boil .  Eva­
poration of these fluids forms steam,  whose explosive expansion disrupts 
tissue architecture. Dehydrated and exploded cells are thrown in the air 
and taken away in  the steam originating from the evaporation of tissue 
fluids. Although only tissue fluids vaporize, while dehydrated tissue 
particles are taken away in the smoke, we nevertheless shall use the ex­
pression "explosive tissue evaporation" for this kind of tissue destruction. 
When, however, an unfocused or a defocused laser beam is used, the 
power density is insufficient for this explosive tissue evaporation to take 
place ; the temperature in the tissues rises rather slowly, the tissue fluids 
vaporize gradually without the explosive tissue disrupting expansion. The 
tissues dehydrate and soon remain in a carbonized state. 
With the handpiece of the laser positioned so as to focus the beam on the 
surface of the tissue, on exposure a crater is formed. Since the distribution of 
the power density in the focal spot has more or less the shape of a bell, the 
power density is maximal in the centre of the spot and decreases towards the 
edges. The vaporized volume being dependent on the local intensity, the 
crater will be deeper in the centre and have a conical form (Fig. 4. 1 .) .  
Moving the focus of the beam on the surface of the tissue makes an 
incision, whose depth is determined by the speed of this movement and the 
power output of the laser. Increasing the speed decreases the exposure time 
of every part of the incision area and consequently lessens the depth of the 
cut. Moving the focused beam with the same speed, but with the laser 
delivering less power, the incision is shallower. 
HALL ( 1 97 l b), reporting on his research, stated that the ablation temper­
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Fig. 4. 1 .  The relationship between the intensity distribution i n  the spot and the form of the 
crater. 
point of water. The vaporization of tissue fluids has a thermostatic influence 
and keeps the temperature at about 1 00°C during evaporation. Because of 
this ablation temperature of 1 00°C, thermal damage in adjoining tissues is to 
be expected. Knowledge about the extent of the thermal damage and the 
factors influencing it is needed before using the col laser on human beings. 
When using the laser as a cutting or tissue vaporizing instrument, the 
damage in adjoining tissue may have serious consequences : 
I. After an incision the healing tendency of the tissues is determined by the 
viability of the margins. HALL ( 1 97 l a), investigating the healing of skin 
incisions carried out with the C02 laser, demonstrated that the laser 
wounds had a delayed healing. This delay in healing was probably due to 
thermal damage on the skin edges, since a similar delay was seen after 
incising skin with an electrical knife. 
2. The presence of necrotic tissue after laser surgery increases the hazard of 
post-operative infections (MADDEN et al., 1 970). After liver surgery such an 
infection can be fatal. 
3. When using the C02 laser for tumor evaporation in the rectal wall or in 
the larynx, it is necessary to know the extent of the thermal damage in the 
wall of the defect left after tumor destruction. This thermal damage 
might result in  perforation of a cavity. 
These practical reasons stress the need to investigate the factors influencing 
the thermal damage in adjoining tissues, whether the laser is used as a 
cutting instrument or as a tool for tumor destruction. 
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4.2. Preliminary observations 
I n  their basic research about thermal burns, MORITZ and HENRIQUES ( 1 947) 
demonstrated that even very short exposures to a temperature higher than 
70°C result in irreversible tissue damage. Since a temperature of l 00°C is  
maintained in  the incision, a certain amount of tissue necrosis close to the 
edges has to be expected. 
I n  a rabbit one of the liver lobes was transected with the C02 laser using an 
output of 80W. Slices made transversely through this plane of transection 
were stained with hematoxyline-eosine (H.E.) (Fig. 4.2.). The edge of the 
incision showed a thin layer of morphologically changed and obviously 
devitalized cells. This layer furthermore contained empty spaces due to 
steam formation. We wondered if these slices, prepared immediately after 
the incision was carried out and stained with H.E., could give reliable in­
formation about the extent of the thermal damage, since cell death need not 
be immediately morphologically obvious. Devitalization of proteins and 
destruction of enzyme systems does not necessarily cause immediate 
morphologic changes (HENRIQUES 1 947). The signs of cell death may appear 
after several hours, and therefore cannot be recognized on slices prepared 
immediately after thermal damage has taken place and stained with H. E . .  
We therefore considered the use of enzyme-histochemistry for the deter­
mination of the viability of cells. Slices from the same incision in rabbit liver 
were incubated for enzyme-histochemical determination of the activity of the 
following enzymes : 
- glucose-6-phosphatase (microsomal enzyme) 
- acid phosphatase (lysosomal enzyme) 
- succinic acid dehydrogenase (mitochondrial enzyme) 
- 5'-nucleotidase (plasma membrane enzyme). 
The slice of Fig. 4.3. has been processed for the determination of glucose-
6-phosphatase (G6P•••) activity. Below the layer with the morphologically 
changed cells and the empty spaces, lies an uncoloured zone where the cells 
did not take the specific staining, the G6P••• having been destroyed by heat. 
A similar picture was obtained after incubation for the other enzymes men­
tioned. The sharp demarcation between the zone with destroyed enzyme 
(uncoloured) and the surrounding normal tissue (dark colour) tempted us to 
use the G6Pas• activity as a parameter for the viability of the tissues. The 
reliability of this parameter was demonstrated by comparing these results 
with histological investigation performed 24 hours later. 
A rabbit was killed, the liver immediately removed, and put on an ad­
justable operating table, above which the 1 65 mm handpiece of the American 
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Fig. 4.2. Slice from a C02 laser incision in 
rabbit liver. The incision was carried out 
using an output of SOW (H.E. 140x). 
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Fig. 4.3. Slice from a C02 laser incision in  
rabbit l iver. The incision was carried out 
using an output of SOW. The slice has been 
processed for the determination of G6pase 
activity (1 40x). 
Fig. 4.4. A liver fragment on the adjustable operating table. The 1 65 mm handpiece of 
the American Optical C02 laser is held steady in a clamp above the operating table. 
Optical laser with the external light guides was held steady in a clamp (Fig. 
4.4.). This set-up permitted us to burn straight craters in the liver tissue, 
with the focus of the laser beam accurately positioned on the level of the 
surface of the tissue. Craters were burned with an exposure time of 0.5s (on 
the dial) and an output of 40W. The tissue containing the crater was 
immediately frozen in freon. Transverse slices through these craters were 
incubated for enzyme-histochemical determination of G6Pas• activity. These 
slices showed a crater surrounded by a white uncoloured zone, where the 
G6P"5" had been destroyed (Fig. 4.5.). 
J n the liver of a living rabbit craters were burned under the same conditions 
33 
Fig. 4.5. Slice through a fresh crater processed for enzymehistochemical determination of 
G6P"'• activity (54x). The crater has been induced in the l iver of a killed rabbit (40 W, 
O.Ss). 
(40W, 0,5s on the dial). The next day the rabbit was sacrificed. Slices 
through these 24 hours old craters were processed for determination of 
G6P••• activity (Fig. 4.6.), others were stained with H.E.  (Fig. 4.7.). The 
latter showed a zone with morphologically devitalized cells surrounding the 
crater, the former a zone of uncoloured tissue. The width of both zones was 
virtually the same. Furthermore, these distances corresponded with the 
width of the unstained zone surrounding the crater processed for enzyme­
histochemistry immediately after the burn (Fig. 4.5.). This proves that the 
absence of G6P••• activity is a reliable parameter to determine the extent of 
i rreversible tissue damage in slices processed immediately after the damage 
has taken place. 
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Fig. 4.6. Slice through a 24 hour old crater processed for determination of G6P••• activity 
(54x). The crater has been i nduced in the l iver of a living rabbit (40 W, 0.5 s). 
The fact that the liver is immediately available for the investigation of the 
thermal damage has considerable advantages. Without this enzyme-histo­
chemical technique we would have to rely on H.E. stainings of 24 hour old 
material, and burn the craters i n  the liver of living animals, which has two 
serious drawbacks : 
I .  While the animal is breathing and the heart is beating, it is difficult to 
keep the liver perfectly i mmobile for longer periods in  order to allow 
burning straight craters. The slightest movement of the liver would shift 
the crater and change the pattern of thermal damage. 
2. Burning craters in the l iver of living animals might cause hemorrhages, 
exsanguinating the animal shortly after the procedure, thus wasting the 
material. 
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Fig. 4.7. Slice through a 24 hour old crater stained with H.E. (54x). The crater has been 
made in the l iver of a living rabbit (40W, 0.5 ). The lumen of the crater is filled with an 
exsudate of polymorph nuclear leucocytes. 
4.3. Method of investigation 
For the main experiment 1 5  rabbits were used. They were kil led by fracture 
dislocation of the cervical spine, their liver was immediately removed and 
craters were burned as described above. These craters were burned with 
different outputs ( 1 0,20, 40, 60 and SOW) and dial settings for exposures 
ranging from 0.05 to 6 seconds. For every removed liver the procedure did 
not last longer than 5 minutes. The individual craters were at least I em 
distant from each other in order to avoid that thermal phenomena in one 
crater would influence the tissue damage around nearby craters. 
For a number of combinations in general 5 craters were burned, and the 
36 
tissue containing them processed as described above. After levelling the 
surface of the frozen liver specimen, a total of 10 slices were cut transversely 
through every individual crater at a distance of 200 fLm from each other. 
The extent of the thermal damage was quantitated by microscopically 
measuring the distance between the carbonized rim of the crater and the 
first cells proving to be normal by taking the enzyme staining (Fig. 4.8.). 
This measurement was carried out in 4 places using a lattice in  the optic 
system of the microscope. Slices in which the carbonized rim got lost during 
preparation were considered unreliable and discarded. From the measure­
ments of the extent of the thermal damage in all the slices from one crater, 
Fig. 4.8. Slice through a crater processed for determination of G6P"'• activity. The 
arrows indicate the width of thermal damage { I t O  x). 
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the mean value was calculated. The standard error of these measurements 
per individual crater was less than 5 %. 
It would have been very interesting to be informed about the influence of 
exposure time and energy output upon the size of the crater. The softness of 
the liver tissue, however, precluded exact measurement of the crater volume. 
The timer of the American Optical C02 laser allowed us to plan exposure 
times. These times, however, needed correction, among other things because 
the instrument being built for the U.S. 60 Hz AC was now working with 50 
Hz A C. Exact measurement of the shutter speed was carried out using white 
light, a photo-electric cell and an electronic recorder. The dial settings and 
the corresponding corrected exposure times can be found in table 4. 1 .  
Table 4.1. Relationship between the exposure times given by the dial of the timer and the 
actual exposure times. 
Exposure time 
on the dial of 
the timer(s) 0.05 0. I 0. 1 5  0.2 0.3 0.4 0.5 2 3 4 5 6 
Actual 
exposure 
t ime(s) 0.27 0.28 0.3 1  0.38 0.47 0.57 0.66 1 . 1 6  2. 1 6  3 . 1 6  4. 1 2  5. 1 2  6. 1 2  
4.4. Results 
For every investigated combination of power output and exposure time the 
mean value of the total thermal damage in the different craters was calculated 
and considered as a parameter for the extent of the necrosis in that particular 
situation. These mean values (Table 4.2.) suggest the thermal damage being 
time related and independent from changes in power output. The average 
width of the thermal damage and the range of thermal damage as measured in 
the individual craters have been plotted against the exposure time in Fig. 4.9. 
With the method of the least squares (SNEDECOR and COCHRAN, 1 968) the 
linear regression between y (extent of thermal damage in micron) and t 
(exposure time in seconds) was calculated, giving the following formula : 
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y = a +  bt 
a �  1 45 ± 3.7 (S.D.)  
b = 1 03 ± 1 .4 (S. D.) 
n = 1 52 
correlation coefficient = 0.986 
estimated standard deviation of error =- 34.5 
w 
\0 
Table 4.2. The average e:r:tellf of the thermal damage (in !Lfn) for the different situations (11 � number of craters sflldied). The figures at the bottom 
represent the average thickness (y) of the thermal damage (fi-111) and the standard deviation (fi.m). 
power output (w) � � � 0.27 0.28 0.3 1 
1 0 I I I I 
20 I I �
5
; 5 1 I 
1 0.38 1 0.47 I �7� 5 1 
I �7; 5 I 
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1 0.
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Fig. 4.9. The average extent of the thermal damage for every exposure time and the range 
of this thermal damage as measured in the individual craters are plotted against the ex­
posure time. The regression l ine for y = 90 + 1 75t0-74. has been drawn. 
The regression l ine for this formula when drawn in Fig. 4.9. did not fit very 
well, the measurements for the shorter exposure times falling underneath the 
regression line, those for the longer exposure times above the l ine. 
This could mean that a relation of the kind y - a btX, where x varies 
between 0 and I, may fit better for these observations. The lowest value for 
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the estimated standard deviation of error was found for x = 0.74 giving the 
following formula : 
Y = a + bto. 74 
a =  90 ± 3.7 (S.D.) 
b = 1 75 ± 2. 1 (S .D.) 
n = 1 52 
correlation coefficient - 0.989 
estimated standard deviation of error = 30. 1 
This regression line as can be seen in Fig. 4.9. fits better than the first one. 
In order to investigate the relationship between the thermal damage (y) and 
the power output �P), we calculated the multiple regression between y, t and 
P, and found the following formula : 
y = a + bt0 ·74 + cP 
a = 87 ± 6.6 (S.D.) 
b = 1 75 ± 2. 1 (S.D.) 
c = 0.07 ± 0. 1 1  (S.D.) 
n = 1 52 
correlation coefficient between y and t0 ·74 = 0.989 
correlation coefficient between y and P = - 0. 1 33 
estimated standard deviation of error = 30.2 
Since the estimated standard deviation of error is not influenced by taking 
power output into account, and the null hypothesis c = 0 can not be rejected 
(t Student = 1 .4, p>0.05), we may conclude that variations in power output 
do not significantly affect the extent of the thermal damage. 
4.5. Discussion 
The extent of the thermal damage measured in  these experiments can not be 
due to the absorption of the beam alone, since the beam intensity decreases 
exponentially and only 2 %  of the initial beam intensity is left after passing 
through 200 flm of tissue (at a - 200/cm). Heat conduction, caused by the 
temperature of I 00°C maintained at the edges of the crater, can explain why 
thermal damage extends far beyond these 200 flm for longer exposure times. 
It thus is obvious that when studying the thermal phenomena taking place in  
tissues during laser surgery, a differentiation has to  be  made between tissue 
damage as a consequence of beam absorption and tissue damage resulting 
from heat conduction. 
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4.5.1 .  Thermal damage due to absorption of the beam 
The tissue damage caused by absorption of the laser beam can be mathe­
matically approximated. We assume therefore to deal with a plane wave and 
neglect the existence of thermal conduction and other sources of heat loss. 
The focal spot of the laser beam having a surface q (cm2) and the incident 
power being p (W), the intensity at the tissue surface can be expressed by : 
( I )  
The beam intensity at every level beneath the tissue surface i s  given by Beer's 
law : 
I = 10 e-n (2) 
where 10 = incident intensity at the surface ; 
I = intensity, z em beneath the surface ; 
oc � the absorption coefficient of the C02 laser beam in living 
tissues (200/cm) ; 
z = tissue depth in em. 
The decrease of the intensity in  the small tissue layer with thickness dz (em) 




' '  
dl = -ocl0 e-az dz 
I - 1 e- cxz - 0 
0
0
�--�' L' ------------��-------------[1� ---+ z below surface 
Fig. 4. 10. The exponential decrease of the beam intensity I in the tissue. 
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For a focal spot q (cm2), the amount of energy, dE (J), absorbed i n  this 
layer dz in the time dt will be : 
dE = exl0 e-az q dz dt (3) 
With this equation, the time t0 (s) required to vaporize a tissue layer dz at 
the surface can be calculated. The investigated tissue layer has a volume of 
q dz (cm3). Assuming that this tissue layer has the same physical charac­
teristics as water, 63 q dz cal/cm3 will be needed to warm this tissue up from 
37°C to 1 00°C, and 540 q dz cal/cm3 will be required to vaporize this amount 
of tissue once the temperature of 1 00°C has been reached. Thus a total 
amount of 603 q dz calfcm3 or 4.2 X 603x q dz (J), where K = 1 Jfcm3 or 
2530x q dz (J) are needed to vaporize this tissue layer. 
In the time t0 the tissue layer will absorb an amount of energy expressed 
by : 
dE -= a. 10 e-az q dz t0 
Since the tissue we are investigating is on the surface, z = 0 and e-az = I ,  
thus 
dE = exl0 q dz t0 
or dE - ex p dz t0 (J) since 10 = p/q (Wjcm2) 
The energy required to vaporize the studied tissue volume being 2530K q dz (J), 
the time t0 required for this vaporization can be derived from the 
equation : 
ex p dz t0 :-o- 2530K q dz 
t0 = 2530K qf p 
t0 = 2530K / ex 10 (4) 
Assuming that the spot size q is 0.0 1 cm2 (actually the beam then is already 
slightly out of focus) and the power output p of the C02 laser l OW, t0 will 
amount to 1 2.5  mill iseconds at an absorption of 200/cm. 
During this time t0 the beam absorption will have warmed up the tissues 
underlying the surface. Based on the experimental data from MORi rz and 
HENRIQUES ( 1 947) we may assume that every part of the tissue whose tempera­
ture exceeds 70°C, will be damaged beyond repair. Formula (3) allows us to 
calculate the depth of this layer of 70°C after the time t0 needed to vaporize a 
layer dz on the surface. 
The energy required to warm this tissue volume q dz (cm3) up to a 
temperature of 70°C is 33 q dz calfcm3 or 1 38K  q dz (J). The equation 
1 38x q dz = ex 10 e-az q dz t0 can be simplified into e-az = 1 38K/ex 10 t0 • 
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Taking formula (4) into consideration this can be worked out into 
e-az = 1 38/2530 
0( z = 2.90 
z = 145 [Lm, for ot = 200/cm 
(5) 
Since this distance is short with respect to the focal length of the lenses used, 
the above calculation is (in a first approximation) also valid for the diverging 
bundle entering the tissue. 
This allows to conclude that once a thin tissue layer at the surface has 
been vaporized, an underlying tissue thickness of about 145 [Lm will be 
thermally damaged beyond repair. Since this thickness is the same whatever 
the output of the laser may be (provided t0 remains short in order to avoid 
thermal conduction to become important), it can be stated that changes in  
power output (in a first approximation) do  not affect the penetration depth 
of the thermal damage due to beam absorption. 
It would have been very interesting to test this theoretical calculation 
yielding a minimal value of 1 45 [Lm for the extent of the thermal damage 
experimentally. However the timer of the American Optical laser did not 
allow exposures shorter than 0.27 s. It would have been possible to use the 
Sharplan 79 1 ,  which became available after the above series was completed, 
for exposures of 0.09 and 0.04 s. But even at the maximum output of 35 W, 
the short exposures of the Sharplan would only yield a very shallow vaporiza­
tion area limited to the fibrous capsula of the liver. This capsula having a 
fibrous structure and thus a thermal behaviour different from the under­
lying liver tissue, it was considered useless to try these short exposures, since 
it was expected that the results would be unreliable. 
We, however, were able to simulate short exposures while performing 
translobar hepatic resections in rabbits using a high power output (80W) 
from the A.O. C02 laser. Sl ices made transversely through the plane of 
transection were incubated for enzyme-histochemical determination of 
G6Pase activity. The average depth of the thermal damage thus measured 
was about 85 [Lm (Fig. 4.3.). This output of 80W allowed to move the focus 
of the beam very fast while cutting, which means that every fraction of the 
incision had a very short contact (much shorter than 0.27 s) with the laser 
beam. This value of 85 [Lm is compatible with the fact that the regression 
l ine for t0 · 74 (Fig. 4.9.) crosses the vertical axis at 90[Lm. 
According to the theoretical calculations. (formula 5) the minimal 
thickness of the thermal damage is determined by the relation otz = 2.90. 
A minimal thickness of thermal damage of 85 [Lm, as measured in the trans­
lobar hepatic resection specimen, corresponds with an absorption coefficient 
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of 322/cm. Taking into account that for water, at A. = 1 0  [J.m, ex = 515/cm 
(Fig. 2. 1 .), and that the absorption will show variations as the tissues are 
non homogeneous, we may state that there is good agreement between 
theory and experiment. 
4.5.2. Thermal damage due to conduction of heat 
Thermal energy stored in the tissues immediately adjacent to the zone of 
tissue evaporation, and causing a temperature gradient, is the origin of heat 
conduction. The mathematical approach to this heat conduction problem is 
too complicated to allow theoretical verification of our measurements and 
conclusions, since the classic laws of heat conduction were derived for im­
mobile planes bounding an homogeneous medium (CARSLAW and JAEGER, 
1 959). 
The extent of the thermal damage, as measured in this experiment, is the 
result of three different processes moving in the same direction (Fig. 4. 1 1 .) :  
I .  tissue evaporation deepening and widening the crater. 
2. thermal damage caused by beam absorption. 
3 .  thermal conduction from the edges of the crater towards adjoining 
tissues. 
Fig. 4. 1 1 . The three processes determining the extent of the thermal damage. 
Thermal damage by beam absorption needs no further comment. Tissue 
evaporation and heat conduction are the two processes needing our 
attention. 
Since 603 calfgr are needed for tissue evaporation and only 33 cal/gr are 
required to increase the temperature till the lethal 70°C, it is obvious that the 
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former process will become much slower than the spread of thermal damage 
in  underlying tissues. 
Furthermore, t0, the time needed to vaporize a layer dz, is given by for­
mula (4) on page 43 : 
t0 = 2530K/rt. 10 
For a spot size of 1 mm2 and a power output of I OW this time t0 is only 1 2.5 ms. 
However, once a crater has been burned, the contact surface of the beam 
with the tissue is not a circle with surface q (cm2) anymore, but the area of 
the convex surface of a right circular cone, so the intensity at the wall of the 
crater decreases with increasing dimensions of the crater. 
Consequently the time t0 required to vaporize the same layer dz will increase 
considerably, and the eccentric movement of the crater wall due to tissue 
evaporation will slow down. 
We thus may assume that for longer exposure times, heat transfer by 
conduction will become a relatively fast process, so the 70°C border will be 
penetrating into the depth of the tissue while the area of tissue evaporation 
moves comparatively slowly, i .e. the extent of thermal damage due to heat 
conduction is time dependent. 
The power output will determine the speed of penetration of the zone of 
tissue evaporation, and thus the rate of expansion of the crater, but the fact 
that the absorption always starts at the wall of the crater may explain why 
changes in output do not significantly affect the distance between the zone of 
vaporization and the 70°C border. 
4.6. Conclusions 
The total thermal damage in adjoining tissues after using the C02 laser as a 
light knife or a tissue vaporizing instrument is a function of the exposure 
time and is not appreciably affected by changes in power output, at least for 
exposure times ranging between 0.3s and 6. 1 s and power outputs varying 
from 1 0  to 80 W. These conclusions are based on experimental work with 
the American Optical C02 laser. There is, however, no reason why these 
conclusions would not be applicable to the Sharplan 79 1 or any other C02 
laser. 
The statements from this experimental investigation give useful guidelines 
for the safeguard of tissues while performing C02 laser surgery : 
I .  Using a C02 laser for incising tissues, the viability or the margins can be 
optimally preserved by cutting with a high power output. This will 
shorten the required contact of every fraction of the incision with the 
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beam, reduce the time factor and consequently lessen the tissue damage 
at the edges. 
2. While using a C02 laser to vaporize a tumor, it is advisable to use short 
bursts of high power output, thus obtaining the desired vaporized volu­
me while optimally preserving the viability of the margins. 
It is obvious that the choice of power output has to be made in accordance 
with the local tissue situation. Using a high output for skin incision i n  a 
small animal, compels the surgeon to move the handpiece quickly in  order 
to avoid the incision being too deep. The speed of this movement will 
decrease the accuracy of the incision. When vaporizing a rectal tumor, the 
use of high output entails the risk of perforation of the rectal wall, even with 
short exposures. Here again, the local tissue situation claims an appropriate 
choice of output. It is, however, i mpossible to give precise technical data for 
the safe use of the C02 laser in different tissues, just as it is impossible to tell 
an intern how much pressure to apply to the scalpel for incising tissues. 
Before using this new tool, the surgeon should acquire some experience in the 
animal laboratory, in order to get used to this new technique and have an 
idea of the relationship of the vaporized volume with power output and 
exposure time. Only this practical experience will enable the surgeon to 
make a judicious choice of output for every individual situation. 
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C H A P T E R  5 
T H E  U S E  O F  T H E  C 02 L A S E R  A S  A L I G H T  K N I F E  
I N  P A R E N C H Y M AT O U S  O R G A N S  
5.1. The C02 laser in hepatic surgery 
5.1 .1 .  Previous investigations in other centres 
Because of the vascularity and fragility of liver tissue, hepatic surgery has 
always been a challenge. 
Liver resections for tumors carry a high mortality and morbidity rate. 
Road casualties often confront the surgeon with major lacerations of the 
liver. Emergency hepatic resections, often the only possibility to stop the 
hemorrhage, have a high mortality rate. 
I t  is easy to understand that the early C02 lasers aroused the interest of 
surgeons, and soon were used for hepatic surgery on laboratory animals. 
MULLINS ( 1 968) performed liver resections in Rhesus monkeys. Problems 
were encountered when attempting to remove large segments of the liver 
without vascular occlusion ; large vessels kept bleeding. The resulting pool 
of blood absorbed the laser beam, thus shielding the underlying liver tissue 
from the incident beam, and bringing the cutting efficiency to zero, unless the 
blood was continuously sucked away in front of the beam. MULLINS found 
that temporary occlusion of the portal vein and the hepatic artery were needed 
to provide a convenient situation for cutting. The vessels in the cut edge did 
not bleed when the circulation was restored. Compared with the electric 
knife, the C02 laser made a sharper cut and achieved better hemostasis. 
GONZALEZ ( 1 970) payed more attention to the hemostasis problem in  
hepatic surgery. Using a more sophisticated C02 laser with a beam mani­
pulator (POLANYI et al., 1 970), he did not have to move the animal under­
neath the beam the way MULLINS had to. Subcapsular lesions made on the 
surface of the liver of a dog by means of a dermatome, were used as a model. 
In one group of lesions hemostasis was achieved by means of an unfocused 
C02 laser beam. In a control group hemostasis was obtained using a 
coagulating electrode. When compared with the control group, the laser 
achieved hemostasis much faster, and the blood Joss was five times less. 
However three days later, the average thickness of the coagulation necrosis 
was 5 mm in the laser group and 2.5 mm in the control group. 
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FIDLER ( 1 972) performed hepatic resections i n  heparinized dogs. He 
compared the cold knife, the electric knife and the focused C02 laser beam. 
In spite of the occlusion of the hepatic artery and the portal vein, bleeding 
from the incised liver surface proved fatal in all groups unless additional 
hemostatic measures were taken. Suture ligation of vessels with a diameter 
larger than I to 2 mm was required, alone or in combination with electro­
coagulation or laser coagulation, to control the hemorrhage. 
HALL (I 973 performed liver resections in dogs and controlled the circula­
tion in the lobe which had to be transected by means of a modified Moynihan 
clamp. He too had to ligate several vessels in the cut edge in order to obtain 
hemostasis. At autopsy, five days later, he found a pale necrotic layer of 
2 mm thick on the cut surface. 
5. 1.2. Personal investigations about liver surgery with the C02 laser 
5. 1 .2. 1 .  Liver surgery in rabbits 
We started with liver surgery in rabbits. Anaesthesia was provided by an 
I.V. injection of NEMBUTAL. The upper abdomen was opened via a transverse 
incision. The rabbit liver being lobulated, the lobe destined for transection 
could easily be pulled out of the abdomen. This lobe was surrounded with 
gauze swabs soaked in saline in order to protect surrounding viscera against 
unintentional exposure. Transection of the lobe without vascular occlusion 
proved to be impossible. Once the liver was incised, blood started oozing 
from the incision, making further cutting impossible, the incident laser light 
being absorbed by the layer of blood. This blood started to boil and formed 
a coagulum, shielding the underlying tissue from the laser beam. Obtaining 
hemostasis using a defocused beam was difficult in  this situation. The 
coagulum covered the oozing vessels, and precluded any attempt to seal them 
by coagulation. 
After these preliminary experiments, we started using a modified Moyni­
han clamp just as Hall had done. Clamping the lobe on the hilar side of the 
planned incision,  allowed us to cut the liver tissue efficiently. Initially some 
blood oozed from the distal side of the incision. Once this blood was 
swabbed away, the transection of the lobe could be carried out without 
problems. Releasing the clamp after transection of the lobe caused hemor­
rhage from several vessels. This bleeding could be stopped by closing the 
clamp again, swabbing the blood and coagulating the cut liver surface by 
using the defocused laser beam. Tissue surrounding larger vessels had to be 
coagulated for a longer period of time. After restoring the circulation the 
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Fig. 5. 1 .  The liver lobe is 
clamped on the hilar side of 
the planned incision. 
Fig. 5.2. The liver lobe has 
been transected with the 
laser. Releasing the clamp 
results in hemorrhage from 
the cut surface. 
Fig. 5.3.  The scorched 
aspect of the l iver after the 
use of the u nfocused beam 
for the purpose of hemos­
tasis. 
liver surface remained dry. It goes without saying, that after this coagulation 
the liver surface showed a scorched aspect. 
5. 1 .2.2. Liver surgery in mongrel dogs 
We tried to perform similar hepatic resections on mongrel dogs. Their 
weight varied between 25 and 30 kg. It was less easy than in the rabbits to 
obtain hemostasis (Fig. 5. 1 .  and Fig. 5.2.). The defocused beam had to be 
used for a much longer time, and after sealing the vessels on the surface of 
the cut, a thick slough of necrotic tissue covered the area (Fig. 5.3.). The 
manipulations required to replace the liver in the abdominal cavity often 
caused the thick crust to break, resulting in recurrence of the hemorrhage. 
It even happened that the bleeding could not be stopped and caused 
exsanguination of the dog. We might of course have ligated the vessels the 
way Hall and Fidler did, but this was not the purpose of the investigation. 
We wanted to know if the C02 laser might prove to be a substitute for 
conventional techniques as far as hepatic resections are concerned. It was 
not considered important to investigate the possibilities of the C02 laser as 
an adjunct for conventional surgery of the liver (finger fracture of the liver 
tissue and ligation of vessels). 
5. 1 .3. Tissue necrosis in the liver after the use of the C02 laser as a cutting and 
a hemostatic instrument 
5. 1 .3. 1 .  Tissue necrosis after cutting only 
In one rabbit two translobar liver resections were performed with the focused 
laser beam, one at an output of 40W, the other at an output of SOW. 
From both resected liver lobes slices were incubated for enzyme-histo­
chemical determination of G6Pase activity. In the lobe excised with 40W the 
average depth of thermal damage was about 1 70[Lm. After the transection 
with SOW the depth of thermal damage was about S5 [Lm. 
5. 1 .3.2. Tissue necrosis after obtaining hemostasis in the proximal end by , 
using a defocused beam 
After transection of the liver lobe, additional hemostasis was needed to stop 
the oozing of blood from the cut surface. This was achieved by increasing 
the distance between the tip of the handpiece and the tissue, in this way the 
focal point of the laser beam was I or 2 em further away from the tissue 
surface ; and the beam spreading again when it hit the tissues. (Fig. 5.4). 
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Fig. 5.4. Intensity distribution in the focused (left) and in the defocused beam (right). 
place, it only caused coagulation, thus achieving hemostasis. Twenty four 
hours later the rabbit was sacrificed. Slices from the edges were incubated 
for enzyme-histochemical determination of G6P••• activity, others were 
stained with H.E .. The depth of necrosis on the surface was the same for 
both stainings, whether cutting had been carried out with 40W or SOW, and 
ranged from I to 2 mm. 
The same investigation was carried out in  a mongrel dog. Twenty four 
hours after transection and coagulation of a liver lobe the depth of thermal 
damage ranged from 2 to 5 mm. 
5. 1.4. Discussion 
The extent of the thermal damage found after cutting through liver tissue is 
in accordance with the extent of thermal damage found in the wall of the 
craters burned with the focused laser beam (see Fig. 4.9.). The deep extension 
of the necrosis after cutting through liver tissue and subsequent hemostatic 
coagulation with the defocused beam, however, is not at all in accordance 
with the measurements in chapter 4. 
The thermal phenomena taking place in tissues when using an unfocused 
or a defocused laser beam are completely different from what has been 
described about the focused beam. When the latter hits a tissue, the power 
52 
density at the point of impact is so high that intra- and extracellular fluids 
boil instantly, disrupting tissue architecture. The thermostatic effect of 
boiling tissue fluids keeps the temperature at the level of the incision at 
about 1 00°C. When using an unfocused beam (spot diameter about I em) 
the power density is too small for this disruptive boiling to occur. Instead of 
explosive disruptive steam formation, a rather slow vaporization of tissue 
fluids takes place. Once the superficial tissue layer is dehydrated, the 
temperature, lacking the thermostatic effect of boiling tissue fluids, rises far 
above 1 00°C. Since the tissue in  the beam obviously carbonizes, and even 
starts glowing, we can assume that the surface temperature of the tissue is at 
least 300°C, the minimal temperature required for tissue carbonization to 
occur (MORITZ, 1 947). 
During tissue evaporation the heat conduction towards surrounding 
tissues originated from a tissue layer whose temperature did not exceed 
l 00°C. Contrarily, when using a defocused beam, the exchange surface has 
a temperature three times higher, which explains the difference of the pene­
tration of thermal damage in adjacent tissues. 
5.1.5. Conclusions 
As a result of our experimental liver surgery carried out on rabbits and dogs, 
we have to conclude that the C02 laser is not suited as a substitute for con­
ventional techniques in liver surgery in man. The reasons are : 
I. The anatomy of the human liver. 
Unlike the flat lobulated liver of dogs and rabbits, the human liver is a 
compact organ precluding the safe use of a compressing device like 
the Moynihan clamp. Temporary interruption of the hepatic artery and 
portal vein is not enough to provide a dry operation field, back flow from 
the hepatic veins sti l l  causes blood loss in the incision. Since the C02 
laser beam is almost completely absorbed in a 200[Lm layer of tissue or 
blood the incident energy will dissipate, thus precluding further cutting. 
2. The size of the vessels in the human fil•er 
FIDLER ( 1 972) and HALL ( 1 973), using dogs of 1 4  to 1 8  kg, had to ligate 
vessels in order to obtain additional hemostasis after transecting the 
liver with the C02 laser. We tried liver surgery on dogs, whose weight 
ranged from 25 to 30 kg. The C02 laser, alone, was not able to provide 
safe hemostasis, notwithstanding temporary control of the circulation 
in the lobe which was to be transected . Extrapolating the problems in 
heavy dogs to the human situation, where the liver is twice as large and 
the use of a clamping device is precluded, it is predictable that one will 
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have to deal with insurmountable problems of hemostasis. This is in 
accordance with STELLAR ( 1 974b), who considered the C02 laser useful 
only for superficial areas of the human liver. 
3. The extent of the necrosis after using a defocused laser beam for the purpose 
of hemostasis. 
In our experiments the depth of necrosis after liver resection and hemos­
tasis in dogs ranged from 2 to 5 mm. Over the whole cut surface of the 
human liver, the average extent of the thermal damage will be greater, 
since larger vessels have to be sealed by laser coagulation. This necrosis 
introduces a considerable risk of life resulting from post-operative in­
fections and late hemorrhage. 
We conclude, therefore, that the C02 laser is not reliable as a substitute 
for conventional techniques in hepatic resections. The C02 laser might be 
used as an adjunct for conventional surgery on the human liver to seal the 
cut surface in order to combat oozing of bile and blood. Major vessels, 
however, have to be ligated. 
5.2. The C02 laser in spleen surgery 
In the planning of our project, we considered the use of the C02 laser for 
incision biopsies of the spleen. In rabbits and dogs the spleen is oblong and 
flat. The excision of a peripheral part of the spleen can easily be carried out 
with the C02 laser, during temporary occlusion of the hilar vessels. 
The human spleen, however, is compact and has the form of a bean. The 
vascular pedicle is difficult to reach for clamping and the spleen is even more 
vascular than the liver. 
After our experience with the liver, we considered it useless to continue 
thinking about spleen biopsies in human beings. 
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C H A PT E R  6 
T H E  C02 L A S E R  A S  A N  O RT HO P E D I C  I N ST R U M E N T  
F O R  B O N E  B I O P S I E S  
6.1. Introduction 
The high power density in its focus enables the C02 laser to cut bone. 
MOORE ( 1 972) explored the possibilities of the C02 laser in orthopedic 
surgery, and concluded that this new bone cutting tool was less traumatizing 
than the oscillating saw, air dri ll, or manually operated osteotome and 
mallet. Furthermore, MOORE claimed that bone cut with the C02 laser 
should heal at the same rate as bone cut with conventional instruments. 
MOORE's conclusions tempted us to try the C02 laser as a diagnostic tool 
on bone tumors. The diagnosis and treatment of patients with bone 
malignancies are based upon the histological differentiation of the tumor 
and compel the surgeon to take a biopsy. In tumors of the soft tissues, taking 
a biopsy is comparatively easy. Getting a specimen from a bone with 
radiological suspicion for malignancy can be more difficult. The suspicious 
bone may be so hard that traumatizing instruments such as saw or osteotome 
are needed to take a biopsy. In the case of malignancy, these rough mani­
pulations are liable to force tumor cells into bloodvessels, thus originating 
hematogenic metastasis to the lungs. 
It was thought that the C02 laser might offer the possibility of removing 
a specimen from a bone tumor without traumatizing the bone in the way the 
saw or osteotome would. Unlike the RUBY laser, which has a virtual me­
chanical effect on the target tissue (KETCHAM et al., 1967 ; MINTON et al., 1 965 ; 
GOLDMAN et al. ,  1 969), the C02 laser does not promote the occurrence of 
lungmetastasis when used for tumor destruction. This has been demonstrated 
in our laboratory on a tumor model : viz. the Cloud man S9 l melanoma in  
mice (oosTERHUts et  a l . ,  1 975). The vaporization of this tumor by the C02 
laser was compared with conventional excision. The rate of local recurrence 
and the occurrence of lung metastasis being the same after both procedures, 
allowed to conclude that the use of the C02 laser is not detrimental from an 
oncological point of view. 
55 
Before thinking about starting clinical trials some problems had to be 
solved : 
I .  Would thermal damage at the edge of a specimen taken with C02 laser 
hamper histological investigation? 
A laser biopsy in a human femur bearing a chondrosarcoma was carried 
out in the laboratory after the amputation of the leg, and a specimen of 
about I cm3 was removed. It was striking to see that only a small layer of 
tissue at the edges was morphologically changed, the specimen being 
completely reliable for the pathologist. Bone biopsies obtained with 
conventional techniques often have been mechanically damaged and are 
less suitable for histologic examination. 
2. The second problem was to know what would happen with the defect left 
after removing a bone specimen with the laser. Will the defect heal 
without problems, or does thermal damage caused by the laser preclude 
healing and increase the hazard of infection? The microscopical quantifica­
tion of the extent of thermal damage in bone being very difficult, we 
choose the healing of C02 laser osteotomies performed in mongrel dogs 
as a parameter for the viability of the tissues at the edges. Osteotomies 
were carried out with the laser and the saw, the bone fragments being 
stabilized with a plate, and the healing of the two groups was compared. 
6.2. Method of investigation 
Twelve mongrel dogs, whose weight ranged from 20 to 30 kg, were used for 
the following experiments. Osteotomies were performed on both femurs, on 
the left side with the C02 laser, on the right side with a Gigli saw. On each 
dog the operations were carried out with an interval of at least three weeks. 
On six of the animals the laser osteotomy was the first procedure and on the 
remainder the conventional osteotomy was the first operation. The protocol 
of this project stated that the dogs should be kept alive during at least five 
months after the last operation. During the fol low up period the animals 
had to be used for experimental surgery on the larynx and the rectum, 
before being sacrificed. 
6.2. 1 .  Preparation of the animal and anaesthesia 
Anaesthesia was given by way of an I.V. injection of NEMBUTAL. An endo­
tracheal tube was put in place and after shaving the thigh the skin was 
twice swabbed with iodine. Once the femur was transected, complete 
relaxation was achieved by the administration of succinylcholine, this in 
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order to make reposition of the bone fragments and fixation of the plate 
more simple. 
6.2.2. The laser osteotomy 
The C02 laser of the American Optical Corporation was used for these 
experiments. The power output was regulated at 80 W. In order to have the 
smallest available focal spot and thus the highest power density, the 50 mm 
handpiece was used. Each of the dogs was placed on its right side, and a 
longitudinal incision was made on the lateral aspect of the left thigh. After 
opening the aponeurosis, the femur was approached between the flexor and 
the extensor muscles of the thigh. The muscles were dissected away from the 
lateral aspect of the femur and from the circumference of the middle third of 
the femur. This made room for a pliable retractor to be placed on the 
medial side of the bone, in order to shield underlying soft tissues against the 
laser beam. Unwanted reflections were avoided by covering the retractor 
with wet gauzes. 
The bulk of the muscles made circumferential incision of the femur 
impossible and the bone had to be transected by slowly moving the laser 
beam from the anterior towards the posterior aspect of the middle third of 
the femur (Fig. 6. 1 .). An average of 90 seconds was needed to cut the femur 
in two parts. 
After the completion of the osteotomy, the cut edges showed a rim of 
porcelainized bone (Fig. 6.2.). No efforts were made to remove these small 
pearls of blackened and porcelainized bone or to flatten irregularities on the 
edges, since it was the purpose of this project to use a no-touch technique and 
observe if this devitalization of bone had any detrimental effect on the 
healing. 
6.2.3. The conl'entional osteotomy 
The dogs were placed on their left side. After the skin incision the muscles 
were dissected away from the femur to the same extent as in the former group 
and the retractor introduced between bone and muscle in order to have the 
same soft tissue relationship as on the left side. The femur was transected 
with a Gigli saw introduced between the bone and the retractor. About 60 
seconds were needed for this osteotomy. 
6.2.4. Fixation of the bone.fragments 
Before the transection of the femurs, a six hole dynamic compression plate 
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Fig. 6. 1 .  The laser osteotomy is carried out by slowly moving the focus of the beam over 
the bone. 
Fig. 6.2. Aspect of the cut edges after laser osteotomy. 
58 
(ALLGOWER et a!,. I 973) had been bent to fit conveniently the surface of the 
lateral aspect of the bone. Complete relaxation of the muscles of the animal 
allowed placing the bone fragments in their anatomical position and fixing 
the plate along the fragments by way of forceps on each side of the osteotomy. 
After this the plate could be fixed to the bone using the screws, the ovoid 
shape of the holes in  the plates offered the opportunity to press the frag­
ments together (PERREN et al., 1 969). 
6.2.5. Closure of the lVound 
The wounds were washed with saline in order to remove clots and bone 
fragments and closed in layers, the aponeurosis with nylon and the skin with 
silk. 
6.3. Results 
The animals were allowed unlimited use of their legs immediately after 
the operation. Every month the dogs got a short narcosis for radiological 
investigation of their femurs. 
In two dogs, n° 3 and no 1 2, an infection occurred after the laser osteotomy : 
- dog n° 3 developed osteomyelitis in the femur transected with the laser. 
Osteolysis loosened the plate and caused angulation of the fragments. 
The dog was sacrificed. 
- dog no 1 2 :  after the laser osteotomy infection of the wound became 
evident. The dog died from sepsis. 
Because of the infection, dogs n° 3 and 1 2  were discarded from this series. 
One dog, no 5, died intercurrently. After two uneventful osteotomies the 
condition of this dog deteriorated while staying at the animal farm ; it died 
6 months after the last operation. Autopsy revealed bilateral hydronefrosis, 
an extremely dilated bladder containing small stones and an obstructing 
stone impacted in the urethra. Uremia was the obvious cause of death. This 
dog could be kept in this series since its case answered the requirements of 
the protocol. 
The remaining nine dogs were used for experimental laser surgery on 
vocal cords and rectal mucosa, they were sacrificed on average 6 months 
after the last osteotomy. The femurs of the ten dogs of this series were 
removed from the thigh and X-rayed after removal of plates and screws. 
These X-rays were inspected in order that consolidation could be judged and 
classified into three consolidation groups : consolidation, delayed union and 
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Fig. 6.3. Microscopical aspect of the laser osteotomy of dog no. 6, 8 months after the 
operation {H.E. staining 1
5 
� ). 











pseudarthrosis. This critical examination was performed separately by the 
author and by two impartial orthopedic surgeons. Where the judgements did 
not correlate the majority determined the ultimate classification. The 
classification of the femurs in accordance with the healing of the osteotomies 
is summarized in table 6. 1 .  
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Fig. 6.4. Microscopical aspect of the conventional osteotomy of dog no. 6, 8 months after 
the operation (H.E. staining 1 5  x ). 
Both osteotomies of dog n° 6 were microscopically examined (Fig. 6.3. and 
Fig. 6.4.). These slices are liable to show the end result of the healing since 
the dog was sacrificed eight months after the last osteotomy. In both slices 
lamellar bone is crossing the osteotomy site. In the slice from the laser 
osteotomy (Fig. 6.3.) these lamellae are slightly irregular, fragments of 
porcelainized bone can still be noticed. Fig. 6.5 a and b show the X-rays of 
the same healed osteotomies. 
6.4. Discussion 
As far as the consolidation of the femurs is concerned, the laser osteotomies 
are at a serious disadvantage in comparison with conventional osteotomies. 
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Fig. 6.5a. X-ray film of the right femur of dog no. 6 eight months after conventional 
osteotomy. 
6.4. 1 .  Sterility 
Since the handpiece of the laser was not sterilized the laser osteotomies were 
carried out under less aseptic conditions. It is a known fact that subclinical 
infections can seriously delay the consolidation of bone. 
6.4.2. Stability 
Maximal contact between bone fragments is required to obtain a stable 
osteosynthesis and thus primary healing of these osteotomies. After the 
conventional osteotomies the flat edges of the fragments could be placed so 
closely together by the fixation of the plate that the ideal situation for 
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Fig. 6.5b. X-ray film of the left femur of dog no. 6 eight months after laser osteotomy. 
primary healing was present. Contrarily after the laser osteotomies the edges 
did not allow maximal contact for the following reason. The saw removes 
the same thickness of bone over the whole circumference of the femur, and 
consequently the edges are parallel with each other (Fig. 6.6a.). The C02 
laser on the contrary vaporizes a wedge of bone pointing towards the medial 
aspect of the femur. This is consequent to the fact that the laser beam is 
moved over the lateral aspect of the femur and thus removes more bone on 
this side than on the medial aspect (Fig. 6.6b.). 
Stabilization with a compression plate gives optimal bone contact and 
stability after conventional osteotomy (Fig. 6.7.). After the laser osteotomy 
on the contrary fixation and compression by means of the plate gives only 
bone contact on the medial aspect of the femur (Fig. 6.8.). It  is obvious that 
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(a) ( b) 
Fig. 6.6. The loss of bone resulting from the use of the Gigli saw (a) compared with the loss 
of bone during laser osteotomy (b). 
this fixation does not fulfil the requirements for stability. Consequent to the 
lack of contact between the bone fragments, the plate had to carry a Jot of 
weight and resulting bending stresses entailed the risk of movement of the 
fragments. Most of the laser osteotomies indeed showed strong callus 
formation according to X-ray films made during the follow up. This 
excessive bone formation has to be considered as a hypertrophic scar caused 
by movements between the bone fragments (MULLER et al., 1 965). 
Ideal stabilization could have been achieved by flattening the edges with 
a grater after the laser osteotomy, this however would have removed most of 
the thermally damaged bone making the results completely unreliable as far 
as the influence of thermal damage on bone healing is concerned. 
6.4.3. Healing 
The results in table 6. 1 .  clearly suggest that performing an osteotomy with 
the C02 laser delays the subsequent healing. Three laser osteotomies healed 
perfectly while five showed delayed union which most probably would have 
healed later on. Two laser osteotomies developed a pseudarthrosis. We may 
assume that 8 laser osteotomies would have healed if the animals had been 
kept alive for an even longer time. 
6.5. Clinical experience 
A 25 jear old male patient was referred to our department. Pain in his right 
fore-arm started two months before and worsened during the last weeks. 
X-ray examination of the right fore-arm suggested a Ewing sarcoma in the 
middle third of the ulna (Fig. 6.9.). Physical examination yielded no special 
information. Metastases could not be demonstrated on the X-rays of the 
lungs. The isotope scan showed a hot spot in the suspicious area of the ulna, 
but no other sites of pathological activity. 
Bone biopsy was carried out on february I I  th 1 975. General anaesthesia 
was administrated and a pneumatic tourniquet applied to the upper right 
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Fig. 6. 7. Aspect of a conventional osteotomy after fixation of the fragments ; the fragments 
have very close contact. 
Fig. 6.8. Aspect of the laser osteotomy during application of compression ; the wedge 
shape of the osteotomy is obvious. 
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Fig. 6.9. Periosteal new bone formation in the ulna. 
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Fig. 6. 1 0. Aspect of the ulna after excision biopsy of the suspicious area. 
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Fig. 6. 1 1 .  Slice prepared from the biopsy in the ulna (H.E. staini ng, 80 x ) . It is obvious 
that the thin layer of carbonized bone did not hamper histological investigations. 
arm. The whole operation was carried out with the Sharplan 79 1 ,  using the 
handpiece with the 50 mm focal length. A sterile jacket was slipped over the 
manipulator arm and the lens holder. 
The skin and the soft tissues overlying the middle third of the ulna were 
incised with the laser. After baring the ulna, a fragment of cortical bone 
measuring about 1 5  mm in the axis of the ulna and about 6 mm in the width 
was cut loose and removed. The pathologist reported that the specimen was 
too hard for performing a frozen section examination. X-ray films made on 
the operating table showed that a proper part of the pathological bone had 
been removed (Fig. 6. I 0.). The wound was closed in layers. 
After decalcification of the specimen histological examination revealed 
that no tumor was present (Fig. 6. I 1 ). The patient, a counter clerk, probably 
continually traumatized the periosteum of his ulna against the edge of his 
desk while stamping, thus giving rise to the suspicious radiological image. 
The healing of the wound was normal, and the patient was discharged 
5 days after the operation. 
6.6. Conclusions 
I. The use of the C02 laser for incising bone delays the healing but does 
not preclude it. 
2. Where an atraumatic bone biopsy is required on oncological grounds, 
the C02 laser is a safe tool. 
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C H AP T E R 7 
E N D O S C O P I C  L A S E R  S U R G E R Y 
7.1. Introduction 
Electrocoagulation is a widely accepted technique for the removal of polyps 
and superficially growing malignancies in the rectum (KLOK, 1 964 ; SVERDLOW 
and SALVATI, 1 972). With the advent of the flexible coloscope the removal 
of polyps at higher levels of the colon became possible (WOLFF and SHINY A, 
1 974). 
The removal of rectal polyps can be carried out with a snare electrode. 
Considerable dexterity is required to put the snare around the stalk of the 
polyp and whilst using the cutting current, the surgeon has to keep the snare 
away from the bowel wall in order to avoid unwanted damage to the wall of 
the cavity. Should such damage occur while removing a polyp seated below 
the peritoneal reflection, no harm is done, since a perforation has no serious 
consequences at this level. Above the peritoneal reflection, however, 
damage to the wall by passing current may cause a late perforation into the 
abdominal cavity (DEAN, 1 973 ; WILLIAMS et al., 1 974). 
Rectal polyps can also be destroyed by the application of an electrode and 
the use of a coagulating current. The passage of the electrical current 
through the polyp creates warmth. The thermal energy thus originated is 
determined by Joule's Law : 
E = 0,24 P R t 
E :  thermal energy (cal) 
I :  strength of the current (amp) 
R. resistance of the tissue (ohm) 
t :  time (sec) 
Passing from the electrode through the polyp, the electrical current boils the 
polyp and devitalizes it completely. A slough of carbonized and boiled 
tissue remains in the rectal wall after this electrocoagulation ; premature 
release of this slough may result in late hemorrhage. It is however impos­
sible to predict the developing thermal energy and the resulting tissue 
damage since dehydration i ncreases the resistance of the tissue during 
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the procedure. During the electrocoagulation the surgeon can only 
estimate the penetration depth of the thermal damage. The reliability of 
this estimation depends upon his experience (KLOK, 1 963). Devitalization of 
the full thickness of the bowel wall and subsequent perforation of the bowel 
is the most feared complication of this technique. The use of electrocoagula­
tion above the peritoneal reflection therefore is debatable since devitalization 
of the full thickness of the bowel wall may result in a perforation towards 
the abdominal cavity. 
For surgeons not skilled in snare polypectomy with the flexible coloscope, 
laparotomy and colotomy is the only safe procedure left for the removal of 
polyps above the peritoneal reflection. The drawbacks of laparotomy and 
colotomy cannot be denied : risk of wound infection, incisional hernia, 
hospital stay of at least two weeks and working incapacity of several weeks. 
The hazards and shortcomings of conventional treatment of recto-sigmoid 
polyps tempted us to consider the use of the C02 laser for this purpose. 
However, even the rather slender handpieces of the Sharplan 79 1 do not 
offer the manoeuvrability required to perform surgery within the confined 
space of a rectoscope. 
The American Optical Corporation developed two gadgets, the laser 
endoscope and the micromanipulator, in order to effect a solution to this 
problem of endoscopic laser surgery. 
7.2 The laser endoscope 
The laser endoscope has been built to deliver the focused C02 laser beam 
through a metal tube into the less accessible cavities of the body. The 
diagram of Fig. 7. 1 .  schematically depicts the construction of this device. 
The central part of the endoscope is a synchronously rotating disc with two 
reflective and two open sectors. The parallel beam of the laser, when ente­
ring the endoscope passes through the focusing lens and impinges on one of 
the reflective sectors of the rotating disc to be reflected towards the end of 
the endoscope tube. The American Optical laser delivering 1 00  pulses per 
second, and the chopper disc rotating synchronously, means that every laser 
pulse meets the disc while its reflective part is below the laser beam. In 
between the laser pulses, the surgeon looks through one of the open sectors 
of the disc. Illumination is provided by a light source whose beam is pro­
jected towards the end of the tube via a beam splitter. Because of the 1 00 Hz 
repetition rate of the interruption of the visual path, the visual phenomena 
appear continuous. An external air supply pressurizes the device and purges 
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Fig. 7. I .  Schematic diagram of the American Optical laser endoscope (Courtesy of the 
American Optical Corporation). 
This endoscope converted into a gastroscope was used by GOODALE ( 1 970) 
to control bleeding gastric erosions and ulcers. STRONG ( 1 973) succeeded in 
destroying papillomata in the trachea and the main stem bronchi by attaching 
a ventilating bronchoscope on this endoscope. 
Experimental surgery was carried out in our laboratory with this endoscope. 
While performing tissue evaporation on the vocal cords of dogs, it soon 
became obvious that this instrument was not ideal : 
I .  The surgeon could only control the position of the beam focus while it 
was impinging upon tissues. It was impossible to predict with accuracy, 
prior to exposure, where the focused beam was going to hit the tissues. 
2. The focus of the laser could only be moved by displacing the whole 
endoscope. Since this endoscope is a rather bulky device these move­
ments were not accurate enough to allow precision surgery. 
In order to carry out rectal surgery in dogs, the endoscopic tube had to be 
surrounded by a perspex tube, thus providing a lumen through which the 
developing smoke could be sucked away (Fig. 7.2.). 
While performing experimental coagulations of rectal mucosa, other 
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Fig. 7.2. The American Optical laser endoscope fixed on the surgical arm of the A.O. C02 
laser. The removable perspex tube allows for the removal of smoke while performing 
rectal surgery. 
drawbacks of this instrument became obvious : these were restriction of the 
field of vision and the lack of magnifying lenses. Most recto-sigmoid 
polyps, which have to be removed have a diameter of at least 0.5 em. In 
order to remove or destroy these polyps safely it is  necessary to have a good 
view of the enti re polyp and the surrounding mucosa. The vision through a 
narrow tube without magnification does not fulfil these requirements. 
7.3. The micromanipulator 
This device designed by the American Optical Corporation, delivers the 
focused beam at a distance of about 35 em and allows precise positioning 
of the focal spot and simultaneous viewing through a standard binocular 
Zeiss operating microscope. 
The main part of the micromanipulator is a gimbal mounted mirror 
positioned at 45° to the incident laser beam and deflecting the beam along 
the viewing axis of the microscope (Fig. 7.3). Apertures on both sides of the 









-- - - ��-
- -




CO� LASER BEAM 
OUTER GIMBAL 
LENS - LASER FOCUSING 
-- BEAMSPLITTER 
M I RROR - GOLD 
WITH APERTURES 
SIDE VIEW 
LENS - MARKER FOCUSING 
FIBER OPTIC LIGHT GUIDE 
Fig. 7.3. Schematic diagram of the American optical micromanipulator fitted to the Zeiss 
operating microscope (Courtesy of the American Optical Corporation). 
after entering the micromanipulator from above is focused by a 400 mm 
lens before impinging on the reflecting mirror. Therefore the operating 
microscope needs to have a 400 mm lens too. 
A fibre optic system partly catches the illuminating light from the opera­
ting microscope, and via a beam splitter, projects a marker spot in the focal 
plane of the microscope eye piece. This beam splitter being situated in the 
same plane as the laser beam reflecting mirror, the marker spot can be made 
to coincide with the impact point of the laser beam. 
The mirror bearing gimbal is linked to a joystick located on the right side 
of the micromanipulator. Gimbal and joystick are arranged in order to 
make the motion of the beam and the marker spot directly proportional and 
i n  the same sense as the joystick movement. This delicate mechanism 
provides the surgeon with the opportunity to move the marker spot and 
thus the focused beam over the working site with an extreme accuracy. The 
feature of accurately predicting where the focused beam will i mpinge on the 
working site, and the magnification provided by the operating microscope 
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make the micromanipulator more reliable for endoscopic surgery than the 
laser endoscope. 
Using this set-up, STRONG and JAKO ( 1 972), developed the technique for 
laser surgery in the upper aero-digestive tract. BELLINA ( 1 974) recently 
reported on the treatment of vaginal adenosis with this micromanipulator 
used in conjunction with the American Optical C02 laser. 
7.4. Experimental larynx surgery on dogs with the micromanipulator and the 
American Optical C02 laser 
I n  order to develop the dexterity required for subsequent clinical work, the 
micromanipulator was tried out on dogs. A special laryngoscope was built 
for this purpose. It contained a suction tube for the smoke and a fibre light 
guide (Fig. 7.4. and Fig. 7.5.). The dogs were anaesthetised with NEMBUTAL 
I .V. and got an injection of atropine to keep the aero-digestive tract dry 
during the procedure. 
It was soon obvious that the control of the laser spot was indeed com­
pletely reliable. While removing the mucosa from both vocal cords by means 
of laser evaporation no hemorrhage occurred and no oedema developed 
Fig. 7.4. Set-up for experimental larynx surgery. From left to right : the laryngoscope, the 
micromanipulator and the Zeiss microscope. 
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FFig. 7.5. Close-up view of the micromanipulator and microscope in front of the laryn­
goscope. The surgeon's right hand holds the joystick. 
after the procedure (Fig. 7.6.). After one week the vocal cords were covered 
with a new epithelium (Fig. 7.7.) .  
We tried to simulate the clinical situation of papillomata on the vocal 
cords of dogs by cauterization with 30 % lye. Granulations developed after 
one week, and several dogs showed adhesions between the vocal cords. In 
some dogs even a web developed in the ventral commissure. It was possible 
to vaporize these webs and even to excise them with the laser. During these 
pilot experiments we acquired the dexterity and confidence needed to per­
form clinical surgery with this technique. 
7 .5. Laser microsurgery on polyps and tumors of the rectosigmoid colon 
Since, as far as we know, nobody else has attempted this surgical technique 
in the rectum, we had to discover the most convenient approach. 
7.5. 1. Preparation of the patients 
The patients had a three day preparation of the bowel with a low residue 
diet (Vivonex, R 0), and an enema the evening before the operation. 
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Fig. 7.6. Aspect of the vocal cords of a dog immediately after removal of the mucosa. 
Fig. 7.7. The vocal cords of the same dog 1 week after the removal of the mucosa. The 
vocal cords are covered with new epithelium. 
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Fig. 7.8. The technical arrangement for laser microsurgery in the rectum : 
I. The beam manipulator of the Sharplan 791 mounted on top of the micromanipulator. 
2. The laser rectoscope suspended on a gimbal. 
3.  The Zeiss operating microscope. A movie camera has been fitted to the right side of the 
microscope body. 
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The operations were carried out under general anaesthesia. I nitially the 
patients were put on the operating table in the so-called "jack-knife" 
position. Since this proved to be less convenient for the insertion of the 
rather big rectoscopes, the lithotomy position became routine (Fig. 7.8.). 
7.5.2. The C02 laser 
For this clinical work the Sharplan 79 1 was used in  conjunction with the 
micromanipulator of the American Optical Corporation and the Zeiss 
operating microscope. The magnification 1 6/ 1  proved to be the most 
convenient. The nitrogen flow from the laser was used to pressurize the 
micromanipulator. 
7.5.3. The rectoscopes 
In  order to find out which would be the most convenient design for a laser 
rectoscope, several forms of perspex tubes were tried out. From our ex­
perience with dogs and early clinical work we decided on the following 
requirements for a laser rectoscope : 
a. a suction tube inside the wall of the rectoscope was needed to allow 
elimination of smoke from the field of operation. 
b. internal il lumination had to provide the possibility of visualisation of the 
rectum while positioning the rectoscope. 
c. the rectoscope once centred around the polyp, had to be fixed on the 
operating table in that particular position. 
d. a movable suction device inside the rectoscope had to provide the possi­
bility to "grasp" and move pedunculated polyps in order to stretch the 
stalk and make it visible. 
Two laser rectoscopes (Fig. 7.9.) were buil t :  one for the lower rectum and 
one for microsurgery above the peritoneal reflection. Both rectoscopes were 
manufactured from copper and subsequently chromium-plated. A handle, 
perpendicular to the axis of the tube faci litated manipulations inside the 
rectum and subsequent fixation of the rectoscope to the operating table. 
7.5.3. 1 .  The laser rectoscope for the lower rectum. 
This rectoscope is 25 em long; internal and external diameter are respectively 
38 and 34 mm. The tip of the rectoscope is oblique. A suction tube for the 
evacuation of smoke is built in the wall of the tube (Fig. 7. 1 0.). 
A rotating ring is fixed on the circumference of the rear end of the recto­
scope. A removable light fibre fixed on this ring allows visualization of the 
rectal wall during the introduction of the rectoscope. Once the rectoscope 
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Fig. 7.9. The two laser rectoscopes. The thick one, on top, is for the lower rectum. 
J .  smoke outlet; 
2. vacuum for aspiration of polyps ; 
3. sucker at the end of the suction tube. 
has been centred around the polyp a thin metal suction tube can be intro­
duced in its lumen (Fig. 7. 1 0). The end of this suction tube is angulated and 
has the form of a sucker. The surface of the polyp can be aspirated in the 
sucker by applying suction to the tube. After fixing the suction tube on the 
rotating ring the stalk of the polyp can be stretched by adjusting the depth 
of the tube and rotating the ring in the convenient position. 
At this moment the light fibre can be removed and the microscope with 
the micromanipulator and the laser arm positioned in front of the rectoscope. 
The operation can now be carried out with illumination from the microscope 
(Fig. 7.8.). 
7.5.3.2. The laser rectoscope to be used above the peritoneal reflection 
This 25 em long rectoscope has an external diameter of 32 mm and an 
internal diameter of 28 mm, the front end being straight. The optic system 
from a diagnostic rectoscope when fixed on the rear end of this rectoscope, 
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Fig. 7 . I  0. Aspect of the rear end of the rectoscope for the lower rectum : 
1 .  smoke outlet ; 
2. rotating ring; 
3 .  external light source ; 
4. suction tube with the sucker at its end. 
provides i llumination and allows air insufflation into the bowel for easy 
introduction above the peritoneal reflection (Fig. 7. 1 1 .) .  Once the recto­
scope has been fixed in the right position, this optic system is not needed 
anymore and can be removed. 
7.5.4. Report on the microsurgical removal of polyps and tumors in the 
rectosigmoid colon ll'ith the C02 laser. 
Table 7. 1 gives a survey of the eleven patients who underwent surgery by 
way of this technique. Their case histories are here summarized : 
1 D.H., male, 59 years . .  
This patient visited the gastro-enterologist because of hemorrhoids. Rectoscopy showed a 
pedunculated polyp seated about 14 em from the anal orifice. After treatment of the 
hemorrhoids he was admitted for laser surgery. 
The operation was carried out on February 2nd 1 975, a perspex rectoscope being used. 
The polyp had a diameter of about 5 mm and could be vaporized in situ. No hemorrhage 
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Fig. 7 . 1 1 .  The laser rectoscope for use above the peritoneal reflection. The removable 
optic system fixed at the rear end of the rectoscope, provides i l lumination and allows 
insufflation of air in the bowel. 
was seen, and the patient left the hospital three days later. Control rectoscopy was carried 
out one month later: only a tiny scar could be seen at the location of the destroyed polyp. 
New rectoscopies were performed 6 weeks and 3 months later. The scar had disappeared 
and no recurrence could be seen. 
2 S.G., male, 57 years. 
While being screened because of abdominal pain, this patient proved to have diverticulosis 
of the colon and a pedunculated polyp (diameter 10 mm) 1 3  em from the anal orifice. 
H istologic examination of a biopsy showed no malignancy. 
The operation was carried out on February 2nd 1 975. The stalk of the polyp was first 
coagulated using low output (about 5W) and subsequently partly transected. After this 
the polyp was grasped with a biopsy forceps and pulled loose from the rectal wall. 
The polyp proved to be benign. The patient left the hospital three days after the opera­
tion. 
Rectoscopic examinations carried out 6 weeks and 4 months after the operation showed 
no abnormalities. 
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Table 7. 1 .  Survey of the patiellfs operated Oil with the Sharp/all 79 1 Gild the micro-malli­
pulator. 
Patient + age Distance Size (mm) Technique Histology 
from anus (em) 
1 0 D.H.  59 14  0 5  Vaporized benign 
20 S.G. 57 1 3  0 1 0 excised benign 
30. L.W. 68 1 6  remnant vaporized malignant 
40. B.R.A. 68 7 sessile excised benign 
20/ 1 0/5 
5°. D.V.W. 65 10  0 1 0 excised benign 
6 0 3  vaporized unknown 
----
6°. M .J .  46 25 0 5  vapori7ed unknown 
0 5  vaporized unknown 
70. H .H.  70 6 0 5  excised benign 
so. V.d.v.D. 56 20 0 1 5 excised malignant 
90. K.d.K. 62 1 8  0 5  excised benign 
1 0". J.B. 66 1 0  sessile vaporized benign 
(50/30/5) (2 sessions) 
1 1°. M .S. 27 20 0 20 excised benign 
3. L. W., male, 68 years. 
This patient underwent a right hemicolectomy for carcinoma in 1 970. During the follow­
up a sessile polyp, diameter about 20 mm, was seen 1 6  em from the anal orifice. Three 
out of six biopsies showed signs of malignancy. This was an indication for low anterior 
resection. We thought that this was an opportunity to use the laser for the destruction of 
the remnant of the polyp and subsequently perform a resection. The operation was 
carried out on March 3rd 1 975. Using a perspex rectoscope we succeeded in vaporizing 
the remnant of the polyp completely. We were so confident about the radicality of this 
laser destruction that we considered the hazards of a resection greater than the risk of 
local recurrence. Therefore the programmed resection was cancelled. No postoperative 
complications occurred. On rectoscopy 6 weeks later a slight irregularity was seen under­
neath intact mucosa at the spot of the coagulation. Histological examination of a biopsy 
showed normal mucosa. Rectoscopic examinations were carried out regularly ; at the last 
examination, five months after the operation, normal mucosa was found. 
8 1  
4. B.R.A., female, 68 years. 
This lady once saw blood i n  her stools. The cause proved to be a sessile polyp (20 mm, 
10  mm, 5 mm) at 7 em from the anus. Two biopsies contained no malignant tissue. The 
laser operation was carried out through the big metal rectoscope on April 4th 1 975. The 
surface of the polyp could be aspirated in the sucker. While turning the ring in  which the 
suction device was fixed the polyp could be elevated and cut loose from the rectal wall. 
Considerable hemorrhage developed during this excision, but reliable hemostasis could be 
obtained leaving a dry crust. The polyp got lost in the suction system and was not avail­
able for histologic examination. No complications occured after this procedure. 
The last rectoscopy was carried out on August 75. No scar or recurrence could be seen. 
5. D. V. W., male, 65 years. 
This patient noticed blood i n  his stools. Barium enema and rectoscopy showed polyps in  
the  rectum:  one pedunculated with a diameter of  1 0  mm,  1 0  em from the anal orifice (Fig. 
7. 1 2), and a small sessile polyp at 6 em. The biopsies contained no malignancy. 
The laser operation was carried out on April 4th. The pedunculated polyp could be 
grasped with the suction device (Fig. 7. 1 3 .) and the stalk was transected with the laser 
beam. After removal of the polyp hemostasis was easily obtained (Fig. 7 . 14.). The small 
polyp was vaporized in situ. 
From the excised polyp slices were cut across the plane of transection; the polyp proved 
to be benign. The slice pictured on Fig. 7. 1 5. demonstrates the limited thermal damage at 
the cut edge. 
While rectoscopy was carried out 7 weeks later on, no scars were seen in the bowel wall. 
6. M.J., male, 46 years. 
This patient was known to have several small polyps in the upper part of the sigmoid colon. 
Surgical treatment was postponed during two years because of his obesity. Since obesity 
persisted, it was decided to destroy the polyps seated within the reach of the laser recto­
scope. 
The operation was carried out on May 2nd 1 975. Two polyps at about 25 em from the 
anus could be reached. These had a diameter of about 5 mm. Since it proved to be difficult 
to grasp them with the suction device they were vaporized in situ. 
No abnormalities were seen during subsequent control rectoscopies. 
7. H. H., male, 70 years. 
During a follow up examination after resection of the sigmoid colon for carcinoma, a 
polyp was found in the lower rectum. The patient underwent laser excision of this polyp on 
May 5th 1 975. The polyp (diameter 5mm) was seated at 6 em from the anus and could be 
removed after transecting the stalk with the laser. The polyp proved to be benign. No 
trace of the operation was seen on rectoscopy 6 weeks later. 
8. V.d. v.D.,female, 56 years. 
While being examined for the presence of blood and mucus in the s10ols, this lady proved 
to have a pedunculated malignant polyp seated 20 em from the anus. The polyp had a 
diameter of 1 5  mm. 
On June 1 3th laser surgery was performed. After grasping the polyp with the suction 
device, the stalk was first coagulated using low power, and subsequently transected. The 
ensuing hemorrhage could be stopped with laser coagulation. 
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Fig. 7 . 1 2 .  Aspect of the 
pedunculated polyp of 
patient no. 5. 
Fig. 7 . 1 3. After grasping the 
surface of the polyp, the 
suction device can be manip­
ulated in order to stretch the 
stalk and let it face the 
surgeon. 
Fig. 7 . 14. After transection 
of the stalk with the laser, 
the cut surface has been 
coagulated for reasons of 
hemostasis. 
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Fig. 7. 1 5. Slice through the stalk of the removed polyp of patient no. 5 (H.E. staining 35 x ) .  
The morphologic changes of thermal damage have a l imited extent. 
The pathologist reported that this malignant polyp had completely been removed. 
Rectoscopic examination 6 and 1 2  weeks respectively after the operation, showed no scar 
or recurrence. 
9. K.d.K., male, 62 years. 
This patient had a polyp with a diameter of 5 mm seated 1 8  em from the anus. The 
operation was carried out on July 1 st 1 975 ; the stalk could be transected without any 
hemorrhage. The polyp proved to be completely removed and showed no malignancy. 
Rectoscopic examination performed 6 weeks later on showed no scar. 
10 J.B., male, 66 years. 
This patient had altered bowel habits. His stools contained blood and mucus. The barium 
enema suggested the presence of a tumor mass in the rectum. Rectoscopy showed a sessile 
polypoid mass (size : 50mm, 30mm, 5mm) with an aspect similar to that of a malignant 
tumor. The lower border of the tumor was at I 0 em from the anus. Two biopsies revealed 
the diagnosis of a benign polyp. A new rectoscopy was performed and I 0 biopsies were 
taken. Again the pathologist reported that the tumor was benign. 
It was decided to try the laser surgery. The operation took place on July 1 5th 1 975. The 
purpose was to vaporize the tumor mass in situ. The surface of the polyp proved to be so 
irregular that it was very difficult to assess the depth of the tissue evaporation by compari­
son with surrounding normal mucosa. In order to save time, the maximum output (about 
35W) was used while the spot was constantly moved over the surface of the tumor. The 
rectoscope had to be moved several times in order to vaporize the whole tumor surface. 
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At a certain moment it was decided not to take the risk of perforation and a second 
procedure was planned for one week later. 
The second laser operation took place on July 22nd. The tumor proved to be consider­
ably flatter and was covered with a new epithel ium. Some carbonized remnants of the 
first operation could be seen. During this second operation all recognizable tumor rem­
nants were vaporized. No complications occurred. 
While controlled, one month after the last operation, the patient had normal stools, 
rectoscopy showing some dispersed remnants of the polyp. It  was decided to perform a 
new rectoscopy three months later before considering a new laser evaporation. 
11. M.S.,/emale, 27 years. 
This lady had blood and mucus in her stools. Barium enema and rectoscopy revealed a 
polyp with a diameter of about 2 em localized at 20 em from the anus. 
The laser operation was carried out on August 7th 1 975. After introduction of the narrow 
laser rectoscope, the polyp was easily found. The size of the polyp and the length of the 
stalk made it difficult to follow the usual procedure of grasping the polyp and stretching 
the stalk for transection. Therefore the stalk was hooked with the angulated tip of the 
suction tube in order to make it visible next to the polyp (Fig. 7. 1 6.). After laser coagula­
tion with low power the stalk was transected and the polyp removed. Fearing a perfora­
tion, it was considered too dangerous to try to excise the remnant of the stalk, this subse­
quently being elaborately coagulated (Fig. 7. 1 7.). The pathologist reported that the polyp 
was entirely benign. 
Four weeks later, when seen in the outpatient department, the lady no longer complained 
of loss of blood. Rectoscopy revealed a remnant of the stalk with a length of about l cm. 
Removal of this remnant being considered necessary, a second laser operation was carried 
out on September 1 7th. An electrical failure in the microscope precluding the use of the 
micromanipulator an other technique, described in the next part, was used. 
7.6. Laser surgery in the rectosigmoid colon by means of special handpieces 
Recently new handpieces for the Sharplan 79 1 became available. They have 
been designed for surgery in confined spaces, and have interchangeable 
angulated focusing guides. Their focal length is respectively 50, 1 25 and 
250 mm. 
These handpieces were successfully used i n  four patients whose case 
histories are here summarized : 
I. G.B., female, 20 years. 
This girl had anal blood loss. Examination revealed a large sessile polyp mass (size 50mm ; 
30mm, l Omm) in the ventral aspect of the rectal wall just above the anal orifice. H istolo­
gic examination of several biopsies revealed that the tumor was benign. Laser destruction 
of this tumor was considered, however, the position of this tumor close to the anus 
precluded the use of a rectoscope. Therefore laser surgery was carried out with the new 
hand pieces. 
The operation was carried out on July 29th 1 975. The tumor was vaporized using the 50 
mm handpiece and the focusing guides with a deflection of 90° and 45°. These new 
instruments provided good manoeuvrability and allowed vaporization of all visible and 
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Fig. 7. 1 6. Aspect of the polyp of patient no. I I  before transection of the stalk. The an­
gulated tip of the suction tube has been hooked behind the stalk. 
Fig. 7. 1 7. Aspect of the remnant of the stalk after removal of the polyp and coagulation of 
the plane of transection. 
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palpable tumor. Because of the vicinity of the anal sphincter, the surgeon preferred to 
leave part of the tumor in situ rather than risk damaging the sphincter mechanism. The 
patient left the hospital the next day. 
Six weeks later the patient was seen for control examination. Blood loss had stopped 
after the operation. She had normal continence. Some days before the examination blood 
showed again on the stools. Rectal examination showed some small remnants of the 
polyp for which a new operation was planned on September 1 8th. Two remnants of the 
polyp with a diameter of about I Omm, seated at 3 and 6 em from the anal orifice were 
vaporized using the 1 25 mm handpiece. 
2. K.S.,fema/e, 48 years. 
Examined because of the presence of blood in the stools, this lady proved to have a benign 
polyp with a diameter of about 25mm seated 14cm from the anus. 
The operation was carried out on August 7th. While examined through the laser 
rectoscope, the polyp proved to be sessile. A problem with the electrical wiring of the 
microscope made it impossible to use the micromanipulator. Therefore one of the new 
hand pieces was used. This handpiece consists of a narrow tube, 250 mm long, containing a 
lens with equal focal length. The small diameter of the handpiece allowed introduction 
inside the coagulation rectoscope leaving sufficient room for visual control of the proce­
dure. The polyp was entirely vaporized. 
At the first post-operative examination, one month later, the patient told that the blood 
loss had stopped some days after the operation. Rectoscopic examination revealed a small 
scar (I mm, 3mm) at the site of the tumor destruction. 
3. M.S., female, 27 years. 
This is patient no. I I  of the first series of patients. An electrical fai lure inside the microscope 
precluding the use of the micromanipulater, the 250 mm handpiece was used for the 
evaporation of the remnant of the stalk during the second operation. No complications 
occurred. Examination three weeks later showed a remnant of the stalk with a diameter of 
about 2mm. 
4. H.P., male, 73 years. 
During urologic investigation a rectal polyp was found by coincidence. This polyp was 
benign (40mm, 20mm, 5mm,) and was seated in the anterior part of the rectal wall at 3cm 
from the anus. A pulmonary problem precluding the administration of general anaes­
thesia, it was decided to perform the procedure under a single dose caudal block. 
The operation was carried out on September 1 7th. The polyp was entirely vaporized 
using the 1 25 mm handpiece with the straight focusing guide. 
7. 7. Conclusions 
Endoscopic laser surgery in the upper aero-digestive tract has already 
proved to be a reliable and superior technique. Our practical experience 
with dogs allows us to endorse this statement. 
Our clinical experience with laser surgery in the rectal wall is limited and 
the follow-up period is short. We nevertheless are convinced that the C02 
laser is safe and offers new possibilities in the removal of polyps and small 
cancers in the rectosigmoid colon. 
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S U M M A R Y 
This book is the report on an investigation about the applicability of the C02 
laser in tumor surgery. 
Chapter 1 
The subject is introduced by giving some basic information about radiation 
physics. A laser beam is a particular form of light :  the energy is emitted in  
an almost parallel bundle with negligible wave-length spread. These 
characteristics permit concentration of the entire energy emitted by the laser 
in the focus of a lens where a high power density is obtained. This is the 
basis of many medical applications summarized in a short historic review. 
It was the purpose of this study to investigate if the use of laser beams in  
tumor surgery could extend surgical possibilities and/or decrease technical 
problems and morbidity for existing standard procedures such as surgery on 
highly vascular tissues, bone biopsies, coagulation of rectal tumors and 
palliative excision of ulcerating tumors. 
Chapter 2 
The requirements a laser has to meet in order to be convenient as a surgical 
tool are enumerated in this chapter. 
Because of relatively strong absorption of its beam in living tissues, the 
C02 laser is, among the available laser devices, the only one which can be 
conveniently used as a "light knife". 
Chapter 3 
The C02 lasers used for this study are described. Electrical discharges in a 
mixture of carbon dioxide, helium and nitrogen, give rise to a laser beam 
with a wavelength of 1 0.6 fLm. After leaving the laser tube the beam enters an 
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articulated arm to be reflected towards a handpiece. A lens in this handpiece 
concentrates the beam into a focal spot with high energy density. The 
experimental surgery was performed with a C02 laser of the American 
Optical Corporation. For the clinical work the Sharplan 79 1 ,  an Israeli 
made laser device, was used. 
Chapter 4 
Before attempting any clinical work information was needed about thermal 
damage at the edges of a C02 laser incision. Information about this tissue 
damage was needed since the viability of the edges of an incision determines 
the subsequent healing. 
Absorption of the focused laser beam rises the temperature in the tissues so 
fast that intra- and extracellular fluids instantly boil .  Evaporation of these 
fluids forms steam whose explosive expansion disrupts tissue architecture. 
Dehydrated and exploded cells are thrown in the air to be carried away in the 
steam originating from the evaporation of tissue fluids. It does appear that 
the tissues vaporize in the focus of the laser beam. 
Tissue damage at the edges of a C02 laser incision is due to absorption of 
the beam and to the conduction of heat from the edges of the incision towards 
surrounding tissues. The extent of this tissue necrosis was investigated in the 
wall of craters burned in rabbit liver by means of the C02 laser. Enzyme­
histochemistry was used for the determination of the viability of tissues at 
the edges. The absence of glucose-6-phosphatase activity proved to be a 
reliable parameter for the assessment of the extent of irreversible tissue 
damage. Serial examination of craters burned with different outputs and 
different exposure times was performed and the extent of the thermal damage 
was quantitated microscopically. The depth of the thermal damage in  
adjacent tissues, within the limits of  this study, proved to be a function of the 
exposure time and was not significantly affected by any changes in power 
output of the laser device. On the average, the extent of the thermal damage 
ranged from 1 57 fl.m for an exposure time of 0.27 s to 766 f-Lm for an exposure 
time of 6. 1 s. 
These findings give useful guidelines for the safeguarding of tissues while 
performing C02 laser surgery. When incising tissues, the margins of the 
incision can be optimally preserved by cutting with a high power output 
thus shortening the time during which every part of the incision is exposed to 
the laser beam. When using the laser to vaporize a tumor, it is advisable to 
use short bursts of high energy, thus obtaining the desired vaporized volume 
whilst safeguarding the viability in the edges of the defect. 
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Chapter 5 
This chapter reports on experimental liver surgery. Hepatic resection carry 
a high mortality and morbidity rate due to the fragility and vascularity of the 
liver tissue. Enthusiastic reports from others about the use of the C02 laser 
in liver surgery inspired us to investigate the reliability of this new technique. 
No serious problems were met while performing liver resections i n  
rabbits. Clamping the liver lobe to be transected o n  the hilar side o f  the 
planned incision allowed efficient cutting of the tissue. The use of this clamp 
was needed to avoid bleeding after incising the liver capsula. This layer of 
blood would absorb the laser beam and reduce the cutting efficiency to zero. 
After transection of the liver lobe the defocused laser beam had to be used 
for coagulation of the cut edge in order to obtain hemostasis. After liver 
resections in dogs problems with hemostasis often were encountered. The 
defocused beam had to be used for longer periods of time for safe sealing of 
large transected vessels. It was sometimes impossible to obtain safe hemo­
stasis :  the brittle crust easily broke causing recurrent hemorrhage. Histologic 
examination of the coagulated edge showed thermal damage reaching 2 to 5 
m m deep. 
Extrapolating the experience with dogs to the human situation, doubts 
arise if the C02 laser ever will be a substitute for conventional techniques 
in hepatic surgery. Serious problems with hemostasis are to be expected and 
the risk of late hemorrhage and infection from the necrotic tissue at the cut 
edge of the liver, prohibits clinical use for major hepatic resections. Eventu­
ally the use of the C02 laser in liver surgery as an adjunct to other techniques 
in order to combat capillary oozing, could be considered. 
Chapter 6 
Traumatizing instruments such as saw or osteotome are often needed to 
obtain a biopsy from a bone with suspicion of malignancy. The risk of 
tumor seeding due to these rough manipulations inspired us to consider the use 
of the C02 laser to obtain a bone biopsy without traumatizing manipu­
lations. 
In order to obtain information about the healing of bone after incision 
with the laser, the healing of femoral osteotomies in dogs performed with the 
laser and the Gigli saw, was compared. The femora were stabilized with a 
compression plate. It proved that the use of the C02 laser for the osteotomy 
caused a delay in the healing but did not preclude it. 
In a patient, where a Ewing sarcoma in the ulna was suspected, bone 
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biopsy was performed. The biopsy could be taken without trauma to the 
bone. Histologic investigation of the specimen was not hampered at all by 
the thermal changes on the edges of the specimen. 
In our opinion the C02 laser is thus a safe tool where a "no-touch" bone 
biopsy is required on oncological grounds. 
Chapter 7 
This chapter describes the endoscopic laser surgery. The limits and hazards 
of electrosurgery in the treatment of sigmoid polyps and small cancers lead to 
the consideration of the use of the C02 laser for this purpose. 
The micromanipulator of the American Optical Corporation used in  
conjunction with a C02 laser and a Zeiss operating microscope, allows one 
to bring the focused laser beam in the upper aero-digestive tract or the 
rectum. This set-up proved to be reliable in the experimental laboratory. 
Specially designed rectoscopes allowed to stretch the stalk of the polyp 
and transect it with the laser. Small or sessile polyps were vaporized in situ. 
Eleven patients were operated upon using this technique, no complications 
occurred. 
Recently new handpieces for the Sharplan 79 1 became available ; designed 
for surgery in confined spaces, they were successfully used in four patients. 
It can already be stated that the C02 laser is a superior substitute for 
electrosurgery in the treatment of polyps and small cancers in the recto­
sigmoid colon. 
9 1  
S A M E N V A TTJ N G  
Dit boek is het verslag van een onderzoek naar de bruikbaarheid van de 
C02 laser in de tumor chirurgie. 
Hoofdstuk 1 
Het eerste hoofdstuk is als inleiding bedoeld en begint met basale informatie 
over stralenfysica en specifieke eigenschappen van laserstralen. Een laser­
straal bestaat uit een parallelle bundel in fase uitgezonden golven met ver­
waarloosbare golflengte spreiding. In het focus van een laserstraal wordt een 
brandpunt verkregen met zeer grote intensiteit. Hierop zijn vele medische 
toepassingen gebaseerd. 
Na een kort overzicht van de medische toepassingen van laserstralen 
wordt het doe! van het onderzoek nader toegelicht, namelijk of het gebruik 
van laserstralen in de chirurgische oncologie nieuwe technische mogelij k­
heden zou bieden en eventueel bestaande standaard procedures zou kunnen 
verbeteren. Hierbij werd gedacht aan chirurgie van parenchymateuze orga­
nen, biopsieen van bottumoren, verwijdering van rectumtumoren en pallia­
tieve excisie van ulcererende tumoren. 
Hoofdstuk 2 
I n  dit hoofdstuk wordt nader in gegaan op de eisen waaraan een laserappa­
raat moet voldoen om als chirurgisch instrument bruikbaar te zijn .  Het 
blijkt dat van de beschikbare toestellen de C02 laser het meest geschikt is 
voor chirurgisch gebruik wegens de relatief sterke absorptie van zijn straal 
in levende weefsels. 
Hoofdstuk 3 
Technische beschrijving van de bij dit onderzoek gebruikte C02 lasers. Door 
electrische ontladingen in een mengsel van C02, helium en stikstof, wordt 
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een infra-rode straal met een golflengte van 1 0.6 fJ.m opgewekt. Na het ver­
laten van de laserbuis wordt de straal via spiegels door een articulerend 
buizensysteem naar een handstuk geleid. Een lens in dit handstuk bundelt de 
straal tot een energierij k  focus. Voor experimenteel chirurgisch werk werd 
gebruik gemaakt van een C02 laser van de American Optical Corporation. 
Tevens wordt een beschrijving gegeven van de Israelische Sharplan 79 1 ,  die 
werd gebruikt voor klinisch werk. 
Hoofdstuk 4 
Aangezien de vitaliteit van de wondranden sterk bepalend is voor de wond­
genezing was het van belang gelnformeerd te zijn over de weefselbeschadi­
ging op de randen van een laser incisie. 
Door absorptie van de laserstraal wordt weefsel zeer snel verhit, intra­
en extracellulair vocht kookt onmiddellijk. De explosieve volume expansie 
van deze stoomvorming verscheurt de weefselstructuur. Gedehydreerde en 
geexplodeerde cellen worden met de stoom van het verdampte weefselvocht 
meegevoerd. Het is alsof het weefsel in het brand punt van de laserstraal ver­
dampt. Op de randen van deze weefselverdamping treedt necrose op, deels 
door absorptie van de laserstraal en deels door warmtegeleiding van uit het 
snijvlak. De uitbreiding van deze weefselnecrose werd onderzocht in kraters 
die met de laser waren gebrand in de levers van konijnen. De enzymhisto­
chemische bepaling van de glucose-6-fosfatase activiteit in de coupes werd 
gebruikt als parameter voor het bepalen van de vitaliteit van het omringende 
leverparenchym. Kraters gebrand met verschillend vermogen en verschillende 
inwerkingsduur werden onderzocht en de uitbreiding van de thermische 
necrose werd microscopisch gemeten. Het bleek dat de uitbreiding van de 
weefselbeschadiging wordt bepaald door de inwerkingsduur van de laserstraal 
en binnen de grenzen van dit onderzoek praktisch onathankelij k  is van het 
gebruikte vermogen. De uitbreiding van de weefsel necrose varieerde, 
gemiddeld genomen, tussen 1 57 flm voor een inwerkingsduur van 0,27 s en 
766 flm voor een inwerkingsduur van 6, I s. Men kan daardoor voor elke si­
tuatie een optimale inwerkingsduur en vermogensoutput kiezen zodat de 
weefselbeschadiging tot een minimum wordt beperkt. Met voldoende ver­
mogen van het laser apparaat kan men snel weefsel incideren zodat het 
weefsel slechts een korte tijd is bloot gesteld aan de inwerking van de laser­
straal. Thermische schade op de randen blijft hierdoor beperkt. Wanneer de 
C02 laser gebruikt wordt voor het verdampen van een tumor, zal bij ge­
bruik van korte pulsen met groot vermogen, de tumor verdampen en de 
devitalisatie op de randen zeer gering zij n. 
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Hoofdstuk 5 
In dit hoofdstuk wordt verslag uitgebracht over de ervaringen met lever­
chirurgie. Leverresecties hebben een hoge mortaliteit en morbiditeit tot ge­
volg. De voornaamste oorzaak is de broosheid en de sterke vascularisatie 
van het leverparenchym. Enthousiaste mededelingen uit andere centra over 
leverchirurgie met de C02 laser waren aanleiding deze techniek nader te 
onderzoeken. Experimentele leverresecties bij het konijn leverden geen ern­
stige problemen op. In de door te snijden leverkwab werd de bloedsomloop 
onderbroken door middel van een verende darmklem. Dit was nodig om te 
vermijden dat bloeding uit de incisie de laserstraal zou absorberen en het 
snijdend effect van de laser tot nul zou reduceren. Na doorsnijding van de 
leverkwab was het nodig het snijvlak met een niet gefocuste laserstraal dicht 
te schroeien ten einde een bevredigende hemostase te verkrijgen. Bij honden 
leverde deze bloedstelping dikwijls ernstige problemen op. Om grotere vaten 
op het sneevlak dicht te schroeien was langdurige coagulatie nodig en soms 
was het zelfs niet mogelijk veilige bloedstelping te bereiken. De broze korst 
op het gecoaguleerde snijvlak brak soms, wat aanleiding gaf tot recidief 
bloedingen. Bij histologisch onderzoek van het snijvlak bleek de thermische 
necrose 2 tot 5 mm diep te reiken. Wanneer deze ervaringen bij honden 
worden geextrapoleerd naar de situatie bij de menselijke lever, dan rijzen 
ernstige twijfels over de vraag of de C02 laser de conventionele technieken 
kan vervangen bij leverresecties. De te verwachten moeilijkheden met 
hemostase, het risico van nabloedingen en infectie in het necrotisch weefsel 
op het snijvlak, maken het onverantwoord de C02 laser als enig instrument 
te gebruiken voor het verrichten van Ieverresecties bij de mens. Hoogstens 
kan worden overwogen de C02 laser te gebruiken als adjuvans bij conventio­
nele leverresecties om capillaire bloedingen te stelpen. 
Hoofdstuk 6 
Dikwijls zijn traumatiserende instrumenten zoals hamer en beitel nodig om 
een biopt te verkrijgen uit een verdacht bot. Door deze manipulaties bestaat 
een verhoogde kans op metastasering. Overwogen werd daarom de C02 
laser te gebruiken voor het verrichten van botbiopsieen zonder ruwe mani­
pulaties. Om geinformeerd te worden over botgenezing na incisie met de 
laser, werd de consolidatie van femurosteotomieen bij honden nagegaan. 
Bij honden werd het ene femur gekliefd met de C02 laser, het andere met een 
Gigli zaag. De femurs werden gestabiliseerd met een compressieplaat. Het 
bleek dat na de laser osteotomie de consolidatie vertraagd was. Consolidatie 
trad echter wei op. 
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Bij een patient werd een suspecte laesie in de ulna gebiopteerd. Het bleek 
dat een botbiopsie zeer eenvoudig en met minimaal trauma kon worden 
genomen, en dat het botfragment uitstekend was te beoordelen. 
De C02 laser is ons inziens een veilig instrument wanneer om oncologische 
redenen een "no-touch" botbiopsie wenselijk  is. 
Hoofdstuk 7 
In  dit hoofdstuk wordt de endoscopische laserchirurgie behandeld. De 
risico's en beperkingen van de electrochirurgie in het sigmoid hebben er toe 
geleid te trachten de C02 laser te gebruiken voor de behandeling van polie­
pen en tumoren van het rectosigmoid. 
Met de micromanipulator van de American Optical Corporation, ge­
monteerd op een C02 laser en een standaard Zeiss operatiemicroscoop, kan 
men een gefocuste laserstraal in de bovenste luchtwegen of het rectum 
brengen. Tijdens voorafgaande dierexperimenten bleek deze micromani­
pulator betrouwbaar te zijn, zodat kon worden gestart met de verwijdering 
van poliepen van het rectosigmoid bij de mens. Met speciaal geconstrueerde 
rectoscopen konden de poliepen worden gestrekt, waarna de steel met de 
laser werd doorgesneden. Kleine en wandstandige poliepen werden in situ 
verdampt. Elf patienten werden met deze techniek geopereerd. Com plica ties 
werden niet gezien. 
Recent werd het instrumentarium aangevuld met nieuwe handstukken 
voor de Sharplan. Deze handstukken werden speciaal geconstrueerd voor 
laserchirurgie op minder toegankelijke plaatsen. Ze werden bij vier patienten 
gebruikt en bleken goed hanteerbaar te zijn. 
Nu reeds kan geconcludeerd worden dat de C02 laser voordelen biedt 
boven de electrochirurgie voor de verwijdering van poliepen en kleine carci­
nomen van het rectosigmoid. 
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